


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1987 


A study of construction contract delay: causes 
and impacts. 


Dawkins, Christian N. 


http://ndl.handle.net/10945/22512 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
D U DLEY research materials and institutional publications created by the NPS community. 
3 Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
KN OX appointed — and published — scholarly author. 


LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


PT e-teteterdele nin bom Lit 
ani: grew as SARs \ttnietiew, 2. of 


beatae lere Tee 
ie races prt tie 
cs are > ee Wiese bk ot 
San FA oremirss) io. ts Steed Dry Thy weet 
a Rares met Asor 43 ¥ Pen tc ote RL he 
, re Wea Et . _ 4 mt puede. 
a i a | ies ” Taig " 
Uo. Y 


ol 
s 
ey 
So 
SY 
ry 
- 
° 
£ 
i? 


oa: erry Ra icra beten sy obi koe 
=r Alon sg ng, ei Nera tenn isperoretes 
Ld ae nee Cary Meet beta ey Se ay Ran tas 
a ee | WO ib de | eee UY) rae ee Bow artct ery bere 
=: sor oe pl Su yeaa sap ad wants atere *R, 0 Msa. ty a diatye, titer ire mts uu 
‘ | : metirkay Darr a ar ye ROL ore Phere ere nr 
c ri : fl Cae he ae iP Ce RTT ae cy O N 
4 ry 14 ape oy) an Prin hye ery ey re ar cw ae | a fhe tc? 
ee : ak ae oe ee ee te seal ora tO TT Ore th Beas Poh Pet Lk) eT 
c - Lee ee ae Decden aa Pe ergy oe eee ay rts rae seh gtle'y (YT woe) breton parry ree 
a F Tear om ti aye Sort rhe andi, Maes rite Cm eta 
dl i Cie} aa Le i » sata manly Pee ee rtd gory weet rye pervs Aw) ere Peeper 
a a Was a ee SLY yw pase A tase oy ST 
| ri We tet bly erie pie etcteee 
orn ey arer . Fi o 
oe) ae hme Le tt romp a oe Pin pris 
’ — 7 te yt PS areata be ere ais 
Le ee wa, $*a@ 8a Ly oe 
5 rae ey 
J 


n eT a) | an 3 er Pry 
- ora oe ty 
a e ¥ 


pope trate 
ely Ra Lk eh A Pie Poromer Y 
. ta hee oe Sey we me re sine sare hp eamea’® ery ore ree 
Poy aoe we ae “A olen a, Retry i ae Peak br Wd Fenster sarees 
TT Seer cs ca! a eat sy ett Sree yt fe i aie erent tans ped oles 
Dae ot Paes) ie ey 4 Meta Merete ek OY, WS aa ee Meir Wbrerwrtruger part) rye 
. nk a) a ~ « rae as ripe rs Ey A dnky re ott tt (oa ee intr, lapel. san bogs 
y L vin OF i deh Lt Oe ee) ey eM SP scery °d bal rare 

: 5 a 1 Areal Wve +x ratte 


Les 
Pe | Lt * “ 
Le om ae ars Rae TES otic eet tr 
, “ "s betas ec teacea ” ir | PALE Tne fee Pe itt Sierras Ph beatct ee re PEP ET ery 
' Cer arite ae ee t hos AA! e beep ree ee NY eas ale!) pai biplane osen Coh 
F 5 ee a De ROR Pir pS tars LS tea ps ite SM eee tT RLS, fear erst yy pede na Lian ieedesecte eT) 
i Ey Lo ie * oe aA 4 A Ab wk g het rc cioy oa ty Pere Py Aiba abens hare mph toe are on hte bint Te eee 
na : a Py r ee eee Pare R aie tahartord hon Yale Py iy, gy ie eeu ane 5 dyimre Ware 21ade 
D ror ' 8 PP Pe eh a nn Fase ran Pe se Py roth 

. ’ a) io Ww) or | "RAAT ‘ relat Fay a cd re 

on Can o re a - CoA % r Frame, rT een aoe 

A i a is Cee Tice te aed dal bal tet, Se Ser 
o 3 a at i 4 
1 it fn 1 es 


beh De ey 
gatiac ene eee ry Hermes Pet ape 
* ies WS REA Sirs ert . SRR nT Freer tra hier 
Ste, TR te > ee aT em et Poly L D 
7 SC heen niacty © Peeters renin rer Wrsesepe etre eee Ly vy Perry preiearnt ret eT) 
LPs 0 woe Wire ey wer ey cee ay Sere Bib sve there 
WAG ti Loken Te Ce vt 
a) oe A ated! vei Stee Benn poren Rite i Seems ROS eT 
ard Su Mote LL eee rte oft APRA IRs t Bi male TT 
' Soh sar ay f es oe ier Re ease Thy AA tab ap ee poreery Acie ait f 
P fe = i, SL hede bk a ty PE Pellets, basa Parenter tite 
a?) ‘ie Wiha Ale eT YS here peee Pr Petes Cty bude ca 
oe AP bro Oren “oa . Rete oD x titee aaa re bettie ben de tar SMe T | eateries 
UVa 0 ¢ ela pee os Serie 
ee ro as ey oe 


Lt reel 
be de Lee See va erect aero 1S Aen i Sot 
| ee + belt, Fated s eer ee me ope pete 
. > ee ee ee aw ay 
ee 3g ony a | i | * ~ P 
Uy ny ‘ a as , 


ee Pu 
Ses Piao crn Uae be Baereeiet - Rare eed 


ei ETN TE ae - bial dyed teed 
. 4 a oh x” hee cea et) igen “4 sean Can ase arnt i 
. - 4 ve Oe me ne Der a Phe eer Perer t Mod ey 
A D F ry : * Pry ye Ph mite Diao shore stores 
5 5 , A i A Ken Lar iO eipeh PW pete cere fisPrr alsin b 06 engcens agneen ei 
" A A ° 7 Ym eT, dese gay, Ware tp Cee tode rae bith es wneereg: 
OG. F cure i na bt A LY iat Waa eC Warton ser 
hr ay oi ry - ‘ Tr bus oe La ree yy 1] Ch rere real eek i earnest aren 
Pu rr +i UT toe aT PN a ee Py va ae Ty Rat nr 
ri A in A ‘ 4 my B v Sek “Eide wt Rata ds 
Ase . " 
7 | Seca 





URE ee! 





ay my? 
| ery RAeiar ey: =e 
Castors & aa ork rack . 


4 Pore aet artery oa Py re 
Gs, ear Cina eer a etme 
a a be Rs 2 A PERE ar oe Her rr) age. de Tots eee 
, Se Oo PO Fi ag oe Bate West OW eS oe oe ee Mee rere oreo" Lets 
' ‘ ee. aa fase Cay ets Pi Soc Craters pis br vin bea baht i. 
5 ar) é ray | or ee rd AY res roe hee Poem a Teo ove tr Pc dh eS 
, re A - p e ' . Ce ) ae Lr Path SS Y A 4 ons, try Tne ee er ete Ira rh) a: ates 
. * . " 1 rp aT LT Leeebertnk ott rt) a, et Sree tetany ce 
> beh p POTN Ay Ae tees ee tt) sea teeaals vlad SLT ety +4 yi 
‘ eee Rar ud BS eer es eine eeceer ye bade: 
nt Paci + o Baer 2 pres Fg “ae eoeeN eT setiinep a: jess Kp Lele! 
F ; A Th f ae ital aire ro Cr bara bi hele Ahaha he a TEL Th, WENT Aes 
' D . ory Ne rh hee is the te 4 Pas. Se. 
ny : P ag . fi eke ete a 78 ops sae a 
baa Oe on ar ate iy ee fie 8 
. 7 0 ey me 4 Nike at N¥Atg © nw Hater preter : 
. F why: Pa sgh: rn hy ae patentee easels VISES aces 
ar] ‘ prt ” Py fi oe, rT 
D See i ' _ f T NACo, nS ie BR eon Wy wv f “ee an ttle eters an ak he 
ee a » 1s » ¥' 
’ Deo p U ¥ Sh i 
ae | i 


a ery 
ry * Ms i oy a py > ay NT Bae ae Ona Auten ees 
a i ea tah See nT ei. 
a . fo MY i 

































































oe wee | Rta ene Er ew Ce 
PO rian in pcr i 
®, ne ig as: he, mi ws cas a} A da bat) 1 Outs Ta We sere ae uw i .~ 
4 ri 8 » ite Pe ty iva) mer Gt ty yt ik ast Rta Gent > pt Ps 
. + “4 Seis Ts Sad ok me NIE LW oar Perea wa ut, me bear eral le aT. aco leat 
- 1 F ae Or oaee a AOS Tt . “Ns ee Wreath! at pow he Rath tor 
7 ae Ms tts eS Ae Pa ee 
Fi Ae ae A ‘ , a eee , Sie r Ray et: hay Snes a 
‘ AO = Weta toe 1 rien, See rr ree 
' er ee Shae i in . ‘ a be - PN rs , ” bm ay Sabon? ‘ {mites “) Bake 
a s ‘rey! tS of’ ' 4 ‘eo s 
Fk *¥ H , a] % Fy ye ; pe re y oe Mm os a ti a * Sa oe i Ve eee 
, Pes 1 os . . 6 ry a rs Ler tabs 
; Ta er = %e Lr Fey re Ve n i ar ot RP oar Aiea bn Cos See 
3 . » * > we ae 0 De a muye Sry ney eo afyh 3 sik 
7 r) C a Le wee t as "4 mS og , hy By ie rie 
a . S ea ua Lire om Hl te 3 LF ee i? ae et) a PNET iY 
ry O = 1 S- s rY - moe i a | . hve io a ia) tia Ke Sect 
. . - LY * ion) is ie 175 9 atk Peddie tee eee riod 
; P arti Lr. et hee “ RL otc Et hg oa a , 
ni i ag Dh e ee —_ om ae es at 4 | > ar, & eye os ar ~ ee 
» : “i, , = * ey bine tc SR asm Tl pe erecee st ar ae 
; . i maa ‘ 5 A oo ras bs ) ee g heh es aor 
. f . ar ey eet 4 ret) 
aa a ba , a ap A ef ra rece Fi Le ry eee se a Sia Se ee 3 
~ y : - Co Sie ze na} oe a Ye rae nT ee " 8 
Fy LF J i] 3 J 
A rs "| ta . 7 
Ps , 1 co : rat At wit 
5 a i i | ar ef 
oy ory aT J fo ~ 
. Can Se | ar | Eo be 
. Ma 7 A j a ' 5 eu " ae INT 
me mee eae 
if s Pd ry 4 ay Pv pa Ph * 
2 fie om Rear 
s A 1 u , a 
m . J é cd i LU Th ae M ba "4 } 
. a 1 . J i} PY 4 a 7 J 
. . ted al 4 
. ’ ; . H age ) , Pts Ph . 
. a 
; . rf wy : LP i ¥ ; 
ry H fl " - . A D en 
o - 4 4 oy < Pe! ra i 
F | ct Ld ‘ a f é- 
: Pi ga VO ~ , Mi a 
. J ed A 1 i 
1 . u ' i) & - nil f 
_ 4 5 o ' Py a0 r a i Cr r Ps wu y LF a§ & i 
* . 7 . 1 | 4 i 
. ; ‘ : r cs Par ae ar eT) ee ey es ay ie r 
i eee ee Mee ae ee | Farr a rae, Pay e 
; ra - oe if Pe’ sie H “1d, rr * pi re ; 2 ae ef Sea af s 
iJ . . Lay 
FI F a if 1 wt ce AC A) pe ee we be} on gate be She bores i 
a : Pen RCE RM hard, hr hee ba Ree 
1 Io Ad > ots We J ie he Fy | TE oa 
: F , ae Core af ora v4 HARE urs paan aa abet i 7 
C7 . ¥ »* . bt ra r ial ss . a F 
A a se ate AHS aT | + bir tae 
4 - aa oo aah Paar: ry Byes v 
» tm! i ea y ie 2 
L . ar | ae ar) Core oi © , i , ‘ 
erg : a eS ae i a ‘s a 
A Pa ae ts ae bse 
ve » 4 . 2 o 
ks : . 1 i od ks i , é A 1 be ft , we bee els B} 208 
a an mee 7 , SCs Cr | Fi ae . Mist : Pa aay rat 
Rk Ae io F 4 a - - « PS a Ss ty Pe fs noe p Ae bee ? ie oa ie be ya oes a 
a Se iy oe * ary yt re a fi 2 ae Tt et ea 
D oh 2 7 : y° : , tf ba ze ae te Ltt Ce Pine has ae eee ae 
F ¢ : = Pf i LEY, ae car) ¢ sf rT iam ned pe 
. Cr) re a ae ey a it ae ek] Le a ue ste 
Py fn s PY . . i] 4 Lid wy > rai . Ty aremad iy * Re arn Fae ca - pbs eo is 
yi ert ae 73 PSA a 1 pea an a f ees ra at os Soe eenrs Ro 
A = Ma a ie ee a Le of 
7a 5 Pe - Awl \? - ; n oo een Pre ta ay Sas ele Ay af wtry, i Ee mest fad SAN eu mite 
e ' re Le ' rhs Shae er Se id v srt eta tans | No eas ca Pek aed ot 
- bo Bane. er 7 ey Se, RSG pro Te eaten els aes pas ae 
r Ai Fi te Dit z bs ele ae reed, Pha Cree a . a cau 4 pee : ies ess te 
. s ' ud i . Cae sat Tha if s 
, 5 . 4 ; ne a an * p om H r & ic ; ct ag or oes wai Th sae eae 4} ; £ ns oes Re F ear Oe 
t . ‘ 4, ce Ce a er is P ot 3 . We la he ie ibe Li ar aid a Snr 3 i eY a na 
a - rn 1 Pt ™. eee Ls F b % roe oy 12 ork 
7: Oe “ 7 . o $. e Pia en oF erate bia “en y py cv aa a ee es poe 
U = ey ’ ed Ci | Ba aera 5 ae 4 dal hs ee we ie oo 
es A ras M a a rar ey eae a fe eee re ra eee Pat wnt 1 La" eae Seta $ hore 
p - - an a P ee F Pi "a teh X Phos wf Es ss ey < ater ae rae ik 
cy « . ve a . ot at < . 
O L rae 2, Fi Be ae hfe eae ‘ m Sire sf ya ay Clow Lar oa] tenes eee: eoeh eet bas 
Ja RSet ear bog ne SACP Rate ae gets OREO Ee pe a ats, ae a aah 
¥ . ry ‘ a Pr i Lea By ' D he theo oe 
: A é e ‘4 x ‘ d eo rs - a ns ‘ , os 3 a : wt aN oo oo ay a4 ey by rs eo peter fo a sirens oes bein 
o Ni Charis st * ST old Lh Bey 1 ry S aete 
t mh. er a a ak Se 2) at er Sa sa hooky re eA Ar Coons sda ce “ Rhee me 
oy Par) . s%, Part 1 ee bon) Cy 1 ee ory chr é hae dr va » fig 
. & 1 seh o3..! ies ar ore ry ee ‘ Reet a Sar ee Cees =e oH 
ff 1s oe er bef rr A Parl A 5 Tr ae} TR ar eh ae ad . e saa ry oa ip ia Mee hyasytors oorG 1 oa ee ~~ Seah Ly 
; PY | a >, y eae me ieee ge a mar to bh Hacye yy be Sar he pars | Mie rer Partie Log or tease whee 
A fi F - 9 4 iH rp! ¢ ‘Fy r O rr + ara eo 1s wh etae.%yl, * Ae hele py rane Th ates 
i : wee “ee nota ng a Ler ney ae car so ° asec bY, ae eo ae bd) Pied eal ames Glee 
. p 5 i | od Me ary s% 5 Di - eid Se Mt 
car Rie: ee i oe an ed a ee as - 7 AP berg PA OM Pace DS i ives en ra si peta eer ek 
PS 5 A Cs A vn I ie Poe soe A aT ghd Br th fecal “i ‘ = x ai ed i pot fy! beset ey ee 
“ ae Er © See of aes . ne % r ef oe aa ha add DTN See vr Uke rages eter te Cine Rape teres ich el i id 
i A i) Soho oa a oo ” “= q ‘. ah pi. A o are Heal “¢ ia py Fo #1 tea ara Res { oe arnt Seri ry Latency spew te eter 
; Saree? OL Set Pee Ia Ay Bos ra Pee ett ae os Was Sie : 
he . 7 3 . . oe | Fad i) ty 64 Pt ro o Card 
Bee oe > PL ry - Cary a Pa = aks i ve yee ie a SU vie ea eM ot He ie 4 Fane pi pee ny aye 
Pan o 0 5 Cee Pe We ory? s Ae tea rae ae pli a rhe eld oa ae pe eee pics Sar treks 
a ere as 5; 1 ie ee Ce 1d a ee ey ie bo are Medet> rari ariel) on RAD ry a ne aes A Moora Seine 
cae ctr). Ail ie ace omen ne Moana anette en oan! Re ener = 
a. ‘ ar) hel) A ois 0 rae * Cire oe ” e rl 
a ": } =. en eu z ! A > ee ry oy ao en aie ee errr. eer et ste oe y a aT en arb Fa ba! bsruae ae eel 
my A ig F nee Loe Ye avy Pa a Raita ea habe DT athe a eS oy roa Went Coe oer | Cee a TS ae 
Sieh | ¥ F eA st A Be f : Pa ° AY ‘ ae hess pe “pa pia cr a dint a ae hry ar a aed rs Pea eae are pO Sere ty ‘ 
. tas f ‘ i Deeet wn ty orn ; ran * i 73 
; oe ee Soe ah ee soe ares, BA area Ng iy ee on pheN aie a 5 flat ips Pacers 
n ‘i es bees c ts > it =. 1 Oe Net we nidigs ache) Y ne fs oD bic a Pasenld pra te tig! 
& ® ri bd eT s ( t vw Rg F ee 1s Belt ote hy? apes ire yaa ce en Speen ei eed inate ar 
ee CURR SNe te he 5 aa Lane a Oe ae Saat ach bee Soe 
A - Pee > al . Lie ot si Se ty ir ie a0 ergy 
u if rae ie * a ee ' Pay Hdd ‘S ee Soha Fr ’ haley Praters ctw ebro chy a 42 Ry rbelot pe Hen: tea) Mae Hise eed wen y Gigi: i 
r a ™ tae NaN beh Ct a Ps ay CL ORO Yk ay Hine “yt Sayer aera ary bt pes ref tens Rae anes et 
. 5 "1 "ea el Ce he Fed mtagtse ee rake rn a ie * beh ft? Fr ote ery: ei 
i 4 x a Spat ps4 4 aa eve © Fe 6.4 of oe ee Ce <9 a eo ad AY ON xe mien! ras te apse ty a a 
BLT C u t tae an 5 Ce eae, aes a Py res oF ae eel ie Se Po ant a aad is (tree bets By i hess if Penh Ti eT rs 
Pa ‘ a ; F roid nt ; te ari rae *4 wt ss a tar Pade tA se file Pat hy ihe 0 escohe rT plan ass oe 
mv * 80 O \’ O ek 
an a Be f a a4 ‘te " hs beh . re Fe ry e ‘i - a Lad kif Cram F Bie ade “sy ae Petia taro Ua, ane ayia alate yee 
. er Ce Le a) Kha) ee tae Bs "s iu Ud ie fu adh bh a ee ed 
‘ ; ; * “2 a A ‘ ee = AEC a Fuh oT ong . Toe ss 7 Pie pineve se “ieee cake pabitices ye Hoh td oh Bie Avion i) fait iad te 
rary et ee 4 re at, a els ta 8 ‘ ar, DS ial D oe ve Cian Halen ee se yr AT br cr Lip he } wit ot F = rh meats ea) eb 
° i A. . e a at a 7 e i. 
eT : O Bad oC se * i“ oD as ar ie a oe a ay rg a: ats oe fan ts Wo} aan Baa oy ey ae mpriestenns ca eae 3 
; p i, Tee eee A ran nn ks Tre J Lae Ls Ud OUR) pain SO ee Pee ee Ao Dr ars Se tes 
i TRC AOU DN Td 9 a MOR te ite ay Dar her): Mchet fantthnnes saeaiti 
Py . q ¥ 2 tf ar © ied tt hi A egweas he i Sh adel cr ed 
f RL Pca te - aera eS rae ey ea oe cS ees Cee 
z oa “oe Al wean Py " 5 
® "| z HF nal _— * 2) hr 5. He rm rt a Brine Beet AY beta y Nee ee b ie it oe bay Ea rr) 4} ey PR eae y aa 
; . Fe be 11° ee Le tear Ts ae A ape i Pas Meroe 8 Saree water g: % SAUSAGE An 99 privet ye te 
y The ee Hee PP yay on me i. ot Sasders yisttg mete ove aaa et hres eMedia 
IDs a! , ae ee ee oe a nee ert eee Pe ade ie Pastas iD LL DD i canis Oe HEE ” Rane ie herent 
i; ry ry Aig Os 4 5 ere ‘a Pg “f a, nee i 4 cae Mpagtpe fy * Ra Dept e is 
in hes eee , Nee ime le verte sé: aoe a rad eats BL) et pon on Eo ND Naty aes hadi 
= * oe i th ee tee Pr yee Deak Ws CTR AA tat on 9 TM Sh Ronan. red Sah Chredieed teh ee yeteueer 
. Fi *i ae arikes ah el | A ith ah aie Cbeliel tal [; Pata CL tat he phate epee 
ei = . x Mt yt a ALIA tn nitie o Megas oh tT ih Ni raha es 
iy p ; Li ba a AA Fabia Lbs ee ro ntti. ieee a, 34 Sa Ea Ue ae art ee 
F ¢. 4 heh Tey EOP ak Lae ere Pedy we ray are beaatir ty Pane 
1 a = Paty pa A Pa ie ea ela ot oot LD oF) Mae to tehod ar 2 ve 
+ Fas 9 ad 1 {hide Se ay, ta Sy en Ltt aie Ca eas hea! ark rEaT) phages 
Ae ae te, : K ; : ce ie i aw teh er ne art ett Cee Sl pkdoeea 
O re ; i re rd ea | on a ey o ene ee reer ee a s at at 8 Pare mee ike es 
a a | ‘ me ie eee: arian re ar 4 Mand y i is " PL ae eA pe aias a potatoe 
’ Fy j ” e 3 +) Dd el e ¢ oO a * 
r 7 ? E aa *s ne £ hate y2 y cand ees hy 6A 2 Rien oe nD] aia ah Lhe ee erie 
, Fi é Par “< bt Re se Rex Wa: vii Toor idea ee ERE, Seamer Pes 
f vs A ’ H ee Fer mers A Pee A alt te Had Sy Oaths eats rae die Tm Vite aah te Patty 
: . a ma ae mn +S Tae Ave PARE dys 4 SOE net TTT Pee He Bod ad * aH" edad 
u "e , ay aa Lia ao ™ Ro) mae Re Ai eee he | Ye Reet ie Chea sy OY aad [ 
A Fa tenes to b no hea Te ee Fa Caer PEs fe Ait eed Re Ts ie (i! 
F Fi SS Pe ee tied veh aE ty he Pr rent he ie Peri erte byes ar ra 
ae i DS ory Saute ates ace apane tet SR aty atree a cec 
ree f J hg 5 so "s wate 
se ty ey ; H teas Tria pepe phe pie B D endut toners Sara pencaremana My tans Ese Pe te eos 
Y t) - o Se ey Poe os Raut os Hs Tine at a LHe ti Mrekaghie eos ae 
aru TY 
“a i : : s sve = athe hee res tie Rares “rf eh Pea abe Oa Leta Av eee cate 
é Pr : 2 «“ Bis Fi rales m er eM ae ef Pel nas ae Aatael fare eI Peep, alg ad GOST, oe eke 
c 4 if 4 Tm 4 . . Pt Cn bd yok 
» D Pr “a ea i oe We rn te Sas 7 et aba yg Sacecatte cS hte eh Mepis rete PP spr ae Bch nt ort be 
2 5 PT pe Xs eae ie b Mo de aa anc ae se Per ie er) we ,—— ) 
i a Le ae yey rt eae: od aes a PA bela aries R Addo Oe ry bat na 
Ps x ae ‘ eb al Sh 1 
La F] « se 
D i yw . 





pop gira ome OY 
ono aos m ‘ct00L 
WO Tt 1692 








me 





A STUDY OF CONSTRUCTION CONTRACT DELAY; 


CAUSES AND IMPACTS 


A Special Research Problem 
Presented to 


The Faculty of the School of Civil Engineering 
Georgia Institute of Technology 


by 


Christian N. Dawkins 


In Partial Fulfillment 
of the Requirements for the Degree of 
Master of Science in Civil Engineering 








TABLE OF CONTENTS 


ACKOWLEDGEMENTS e*eeeeeeseoee8#ee#e#ee##e#efe#efe#efeeesees#5o#s#e#+o+goe#efe#e#e#ee#eee#s ee ee @ 
ABSTRACT eeeeee##@#% @ ® eeeoeee#seeefeesqee#wec50e#e42s58seeee#ee#e#e#ee#ee#ee#eee#eeee ® 
LIST OF TABLES eeeeeeee#e#e#ee5ees#$5§5eeegeoereevs3ec5oeee#ee#e#eeee#ee#egeess?# 
SECTION I CAUSES OF CONSTRUCTION DELAY .. 


INTRODUCTION eeoeeeee#eoeeegeegeoe%e#ees?e#s 
CONSTRUCTION DELAY IN GENERAL 
A PROJECT MANAGER'S VIEW ..... 


CAUSES OF DELAY DURING CONSTRUCTION .. 
THE RELATIVITY OF CONSTRUCTION DELAY . 


WEATHER AND ITS EFFECTS ON CONSTRUCTION 
CONSTRUCTION DELAYS CREATED DURING DESIGN 


THE LEGAL ASPECTS OF DELAY @eeoeeeee+e%e#ee%eeee#eeese®e 


SeeerrONn Il 


BERODUCT ION . ss we cee ee eee ees 
BUDGET, TIME, AND QUALITY .... 
A CASE STUDY OF TYPICAL COSTS 
ACCOUNTING FOR COSTS .-ccsecee 


COSTS OF CONSTRUCTION DELAY 


ACTUAL COSTS ASSOCIATED WITH DELAY 565 


THE TIMING OF DELAY eoeeeeeeeeeseeses es? 


SeelLON Iil 


MY ERODUCTION ....s.0. sueye soles veers 
RESULTS AND ANALYSIS .....ec.. 
THE CONTRACTS DATA BASE . 
THE CHANGES DATA BASE ... 


seeatON IV 


GENERAL DISCUSSION eoeoeoeeeeeee#65erees#+eee¢ese#s# ee @ 


CONSTRUCTION DELAY IN GENERAL 


PerpiooeesorUDY OF CONSTRUCTION 


MANAGEMENT SOLUTIONS TO DELAY 


DELAY 


PROJECT PLANNING AND DESIGN ............. 


MANAGEMENT DURING THE CONSTRUCTION PHASE 


Page 
PL . 


ay 


kK 


10 O1W D 


44 
#6 


65 





TABLE OF CONTENTS 


SECTION V CONCLUSIONS . 


DISCUSSION AND CONCLUSIONS 


PORURE, RESEARCH ....... 


BIBLIOGRAPHY oee#e#eeoee#e#e#e#+see#e#eee#n5ee#ee?e @ 


me PENDICES 
A.FIELD DATA RESULTS 
B.RAW FIELD DATA INPUT 


siuelt 


eoOntc 


91 


oA: 
94 


oS 





ACKNOWLEDGEMENTS 

It has been a tremendous experience and great opportunity to 
spend the past year at Georgia Tech. I am indebted to many 
people and organizations. 

First, I wish to thank the U. S. Navy, Civil Engineer Corps 
for sending me here. Without the Navy's post-graduate study 
program, the past year would not have been possible. I also 
thank the many people of the Southern Division, Naval Facilities 
Engineering Command in Charleston, South Carolina who allowed me 
to visit and were a great help to the field research section of 
this paper. 

Second, I wish to thank the Georgia Tech organization and 
the School of Civil Engineering for a strong and useful program 
from which I have benefitted. Particularly, I am extremely 
grateful to Dr. Leland Riggs and Dr. Roozbeh Kangari for their 
insights and help throughout the entire year. 

Finally, I am very thankful for my family; the example my 
parents have given me to follow, for my wife, Lee and her endless 


support, and for my son, Nathan. 


Chris Dawkins 


Sat 





ABSTRACT 

This paper discusses and explores the most recent findings 
on construction delay. Construction delay touches on many areas 
of construction management practice and is worthy of in-depth 
study since it significantly affects costs borne by owners and 
construction contractors alike. 

The paper opens with a section on the causes of construction 
delay, followed by a section on its costs. These two sections 
discuss the most recent thoughts on the subject and prepare the 
reader for the following sections. 

The third section is a study of 48 recently completed public 
building contracts (totalling over $100 million), and their 
corresponding cost and schedule data. The study analyzes the 
cause of each contract change order, its corresponding time and 
cost impact, and a general study of the contracts and their 
actual completion times versus original planned completion. This 
section provides quantitative data which supports the first two 
sections. It also adds a field perspective to the paper's 
content. 

The fourth section discusses management solutions to 
construction delay based on the preceding three sections and 
other data gathered from field interviews and the latest 
professional literature on the subject. This section is followed 
by conclusions and an assessment of future research needs in this 


Significant area of the construction industry. 
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A STUDY OF CONSTRUCTION CONTRACT DELAY; 


CAUSES AND IMPACTS 






‘Sd CUR S) 
CAUSHomere CONSTRUCTION DELAY 
INTRODUCTION 

The causal factors which contribute to construction delay 
are numerous. It is the purpose of this section to discuss these 
factors and their general impact on construction time and cost. 
The goal of this study is to provide management with solutions to 
avoiding delay. This is carefully considered in the fourth 
section of the paper. 

An effective solution must focus directly on the problem 
source. This section focuses on understanding the problems which 
lead to costly construction delay. 

In 1983, the Business Roundtable concluded a four year study 
on the construction industry and its practices. The study 
addressed numerous topics pertinent to construction, of which 
delay is one. The most striking finding that pointed directly to 
delay was that over 50% of the time wasted during construction is 
attributable to poor management practice (Newmann, 1983). The 
study also concluded that scheduled overtime for the purpose of 
speeding project completion generally adds to delay rather than 
improve on it. 

Other findings touching on delay included a general lack of 
training industry-wide, lack of use of state of the art 
Management systems for schedule and cost control, and a general 
lack of owner attention to contract arrangements and 


responsibilities. In essence, the study pointed out that the 





majority of productivity problems lies not with the construction 
work force, but with management. 

Since the 1983 report, much progress has been made in 
further developing construction management practice. However, 
there are still many areas requiring management attention. As an 
example, the most recent literature, as well as field interviews, 
reveal that contractors! claims, particularly delay claims, are 
on the rise within the construction industry. This is a symptom 
of a problem which is extremely costly to contractors and owners 


alike. This management problem must be abated. 


CONSTRUCTION DELAY IN GENERAL 

All construction projects are dynamic and unique. Each is 
Site specific to a particular geography and environment. Each 
has a different mix of owner, designer(s), construction 
manager(s), contractor(s), sub-contractors, legal contract, 
financial budget, and time constraints. Furthermore, the life 
cycle of a project from concept to ribbon cutting can take years, 
resulting in many personnel and concept changes. Consequently, 
prediction of delays is generally not possible. However, many 
lessons can be learned from past experience, and some delays can 
be generally categorized. 

Construction delays can be broken down into three types: 
classic, serial, and concurrent (O'Brien, 1976). 

Classic delay occurs "when a period of idleness or 


uselessness is imposed upon contractual work". A classic delay 





can result from a contractor who is not prepared to accomplish 
work as planned at a given time, by an owner who has not 
eliminated all barriers contractually required for a contractor 
to proceed, or by an outside force which neither party can 
Eoncerol. 

Serial delay is a "linkage" or series of delays one after 
the other, created by one original delay. This is also referred 
to as the "ripple effect" of construction delays. 

Concurrent delay occurs when both the contractor and owner 
cause separate delays during the same period of time. [In the 
case of concurrent delays neither party can be held responsible 
for the time or cost of the resulting delay. 

As noted above, responsibility for construction delays can 
rest with the owner, contractor, both parties simultaneously, or 


an outside force (neither party). 


A PROJECT MANAGER'S VIEW OF WHY DELAYS OCCUR (Shah, 1987 

To ascertain why delays occur and who is responsible, one 
concept classifies the construction process into four categories: 
a) related parties, b) owner's intentions, c) project specific, 
and dad) regulatory agencies. 

The related parties are comprised of the owner, contractor, 
designer, and the owner's agent. Experienced, informed, and 
professionally thorough individuals must fill these roles. Some 
construction delays result due to inexperience or unprofessional 


actions on the part of one or more of these individuals. 





The owner's intentions are expressed through the contract 
documents, namely the plans, specifications, and other written 
and oral communication from the owner or his/her agent to the 
other related parties. The owner's intentions are reflected in 
how the construction contract is implemented. An effective 
communication system established between these parties (generally 
by the owner) is critical to avoiding delay. Conversely stated, 
poor communication, through any of these media, contributes a 
great deal to construction delay. 

The entities that make up the project include the site and 
its availability, the materials, labor, and equipment that 
contribute to the project, and the eeeee technical design 
(not to be confused with the owners intentions). Changes of 
these entities during the project life cycle significantly affect 
the degree to which the project is delayed. The environment and 
subsurface conditions are part of the site and as discussed later 
have major impacts on delay. 

The last factor which affects construction delays is the 
applicable regulatory agencies or outside parties. These parties 
vary with a given owner. A private owner may be subject to local 
building codes as well as the governing political bodies (zoning 
boards, utility commissions, etc...). The public owner is 
subject to the some of the above bodies as well as many other 
government agencies such as OSHA. As an example, the nuclear 
construction industry is extremely regulated by the Nuclear 


Regulatory Commission (NRC). When the NRC changes a particular 





regulation, construction already in progress must adapt to meet 
the new standard, resulting in redesign, rework, and often 
extensive delays. Changes in contract scope which occur during 
construction as a result of regulatory agencies or outside 


parties are often termed "criteria" changes. 


CAUSES OF DELAY DURING CONSTRUCTION 

The historical causes of construction delay fall under 
various categories and responsibilities of the related parties. 
A list of the most significant delay causes based on numerous 


publications and field interviews follows. 


UNFORESEEN CONDITIONS 
The two sub-categories of unforeseen conditions are 'force 
majeure’ causes, or acts of God, and those caused by outside 
forces. Unforeseen conditions are beyond the control of the 
related parties, and are not caused or affected by any of the 
parties' negligence or actions. They result in delays which are 
excusable on a day for day basis, subject to the duration of the 


unforeseen event. The most common of these are listed below: 


Force Majeure Causes 


Fires 

Floods 

Epidemics 

Unusually severe weather (over and above "normal" 
weather conditions) 

Other acts of God 





Outside Entities Causes 
Acts of the public enemy 
Acts of government or regulatory agencies 
Acts of other contractors 
Labor strikes 
Freight embargoes 


Subcontractor / supplier delays due to similar causes 
Quarantine restrictions 


UNFORESEEN WORK 

A clear distinction should be made between unforeseen 
conditions which result in excusable delay to all parties, and 
unforeseen work which is generally a compensable delay borne by 
the owner. As an example subsurface and other site conditions 
are often referred to as unforeseen, however they are different 
from the above list since their occurrence requires change in 
work scope and adjustment of contract cost and time. 

A more descriptive title for this type of unforeseen work is 
"differing site conditions". They usually result from poor or 
limited data made available to contractors during bidding 
periods. 

Contractors' claims relating to differing site conditions 
account for 20% of all claims submitted, and more importantly, 
35% of the dollar amounts paid to contractors in claims final 
settlements (Thomas et al, 1987). Unforeseen work and differing 
Site conditions contribute immensely to construction delay and 


present a great challenge to industry management. 





OWNER / OWNER AGENT CAUSED DELAYS 


Owners and their agents, (designers, construction managers, 
See.), contribute significantly to delay by their actions and 
lack thereof. The owner's astute and active involvement in the 
Menstruction project life cycle is critical to the final outcome. 
Often owners impose great difficulties to construction progress 
and add significant cost and time to their projects by failing to 
properly plan ahead. A list of owner and owner agent caused 


delays follows: 


Owner Caused Delays 


Failure to provide site access, property, right of way 

Failure to fund the project 

Failure to provide owner furnished equipment 

Stopping work progress / unwarranted interference 

Creating major scope changes after construction start 

Failure to pay contractors on time 

Failure to properly schedule and coordinate work of 
other contractors working in the same area for the 
Same owner 


Owner Agent Caused Delays 


Failure to get approvals and coordinate with multiple 
regulatory agencies 

Defective plans and specifications 

Inadequate information 

Differing site conditions 

Lack of exact as-builts (resulting in unforeseen work) 

Delay in review and approvals of shop drawings and 
submittals 

Delay and improper handling of change orders 

Dasecting ontractors'smethod of construction 

Failure to effectively communicate 

Inadequate contract supervision / inspection 

Failure to provide contractually required utilities 





CONTRACTOR CAUSED DELAY 
The list of management problems facing contractors is 

similar to those facing owners. Contractors contribute to 
construction project delays by their lack of properly planning 
and executing jobs. Typically contractor caused delays are an 
accumulation of day to day problems that build into sizable delay 
over time. Historical causes include: 

Slow to mobilize on site 

Failure to properly estimate, plan, or schedule 

Failure to project cash flow / financial difficulty 

Failure to properly man the project 

Failure to provide and maintain equipment / tools 

Accidents on the work site 

Poor quality assurance / workmanship 

(resulting in rework) 

Failure to coordinate work of subcontractors 

Failure to have material on site 

Inadequate supervision / inspection 

Inexperience with the Be a construction type 

undertaken 


Failure to read the contract 
Failure to communicate 


It should be noted that some delays that seem accountable to 
one party, may in fact be caused by action on the part of another 
party. As an example, consider a contractor who is faced with an 
owner who is slow in making progress payments on one of the 
contractor's many jobs being worked at the same time. The 
contractor may deliberately delay work for that particular owner 
to complete work for other owners who pay more speedily. 

Likewise, the same contractor may be faced with two 
contracts at the same time; one of which is significantly more 


profitable than the other. The contractor again may deliberately 





delay the less profitable job to speed completion of the more 
profitable job to improve his/her financial standing. 

These two examples illustrate the sometimes complex problem 
of determining the "real" cause of construction delay and the 
necessity of sometimes taking a "closer look" at all issues and 
facts surrounding the construction situation at hand. 

One last intangible cause of construction delay is a poor 
management relationship between the owner and the contractor. 
Although it is often hard to define, this issue surfaces over and 
over in literature and field interviews alike. 

The traditional adversarial relationship between contractor 
and owner is counter productive and promotes wasted cost and 
time. It is a result of the conflicting goals of each respective 
party. The owner wants the highest quality facility for the 
least cost. The contractor wants to provide an acceptable 
quality facility at the greatest profit. Management initiatives 
which seek to resolve and compromise these differences will go 
far in reducing the delays which increase costs, reduce profits 


and limit utility for all parties. 


BoeeRebATIVITY OF CONSTRUCTION DELAY 

The cause and impact of construction delay is relative to 
which party is being delayed and which party is causing the 
delay. Furthermore, the occurrences of different types of delay 
are relative to the type of construction being undertaken by 


those parties. Lastly, the amount of construction delay realized 





is also relative to the original schedule of project completion. 

These factors make construction delay difficult to 
generalize as each separate project has its own unique set of 
parameters which affect its progress development and sometimes 
delay. 

THE RELATED PARTIES 

Delay in construction can be defined as the "time overrun 
either beyond the contract date or beyond the date that the 
parties agreed upon for delivery of the project" (O'Brien, 1976). 
In virtually all cases, delay is costly to all parties. 

To the owner, delay causes revenue loss due to lack of 
production facilities, continual dependence on old facilities, or 
lack of revenue generating space. These revenues can never be 
recovered by the owner. 

To the contractor, the longer delayed construction period 
results in higher or extended project overhead and often higher 
production costs due to cost escalation. Furthermore the 
contractor's financial resources are tied up resulting in reduced 
bonding and bidding capacity for new jobs. In summary, all 


parties lose in a delay situation. 


THE SCHEDULE 
The first and foremost parameter affecting delay is the 
Original planned schedule for completion. This area of 
responsibility belongs to the owner is some industry sectors, and 


to the contractor in others. Responsibility for the original 


18 





schedule is a function of the contractual arrangement between the 
related parties. 

The original schedule provides the "base and time frame for 
the contractor's work and therefore, the base for any allegation 
of delay and claims springing therefrom" (O'Brien, 1976). 

Typically schedules are tight. They are made this way 
either intentionally by an owner who is willing to pay a premium 
price for the final product, or accidentally by an inexperienced 
owner. In any case, a tight schedule adds greater risk to the 
contractor who is not in a position to question the contract time 
frame during the bidding period. 

Many experienced contractors expect some changes in work 
during the construction period which will extend the contract 
duration and hope that the working relationship with the owner 
will be such that differences in constructable and planned 
durations can be resolved. Often contractors include some 
liquidated damages time in their bids to allow for longer than 
required construction periods. 

In summary, tight schedules reduce the contractor's 
flexibility in accomplishing construction projects, add to 
contractor risk, and often result in delays. Attention is 
required by the responsible parties to set more reasonable 
durations and practical schedules which better serve all in the 


construction contract process. 
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TYPE OF CONSTRUCTION 

The repeated occurrence of various construction delay types 
is also a function of the type of construction being 
accomplished. Some causes of delay are more prevalent in certain 
areas of the construction industry. 

In 1985 the Federal Highway Commission funded a study of 
contract claims (which all involve delay to some extent). The 
Purpose of the study was to compare the actual base or root cause 
of claims on federal highway projects with the alleged causes of 
the claims as stated by the contractor. The results which 
provide the relative frequencies of both the contractors! argued 
reason and the actual base reason are provided below (Thomas et 
eee 1987): 


Relative frequencies of claims and corresponding reasons 
(as argued by the contractor) 


EXGiza worl 38% 
Owner delays 17% 
Site conditions 14% 
Design features 12% 
Changed quantities 10% 
Other 9% 
Total 100% 


Relative frequencies of claims and corresponding reasons 
(based on root causes) 


Contract documents 56% 
Site conditions 20% 
Scheduling problems 16% 
Substandard work 5% 
Contractual duty 3% 
Total 100% 
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The root causes summary provides some enlightening data for 
construction managers and points to the most pressing problems. 
These claims cost both parties a great deal of time and capital 
expenditure. The mitigation and avoidance of these claims reduce 
delay, direct construction costs, and administration time 
(indirect costs). While this summary is for highway projects, 
the problems are universal to the construction industry. 

A similar 1985 study on nuclear power plant construction 
revealed some interesting points on the causes of its delays. 

The study revealed an average construction delay per project of 
42.7 months (26 plant population) with an average original 
schedule of approximately 70 months (Radlauer et al, 1985). A 
listing from this study, of the reasons for delay and their 
corresponding percentage contribution to total delay time follows 


on the next page. 
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Causes and % contribution to total delay time 
26 nuclear power plants 


Out of original scope work 








Labor / Mat'l / Equipment delays 20% 
Unforeseen Conditions (Strikes, Disasters) 5% 
Regulatory redesign 50% 
Non-regulatory redesign 3% 
Out of Scope subtotal 78% 
Deliberate Delays 

Financial problems / Load growth 18% 
Rescheduling 4% 
Deliberate Delays subtotal 22% 

Total 100% 


This study illustrates the significant impact that redesign 
and out of scope work have on nuclear power plant construction. 
Regulatory criteria changes add close to two years to the average 
project length. There is no other area in the construction 
industry which is as regulated as this one. Regulation costs the 
utility commissions, contractors, and rate payers a great deal of 
money. Contractors in particular must keep this fact in mind 
when preparing their bids and proposals and when scheduling and 
planning work. 

Public Works type construction is another area of 
construction which faces different types of delays over other 
construction. This is primarily due to the great amounts of 


facilities refurbishment and building conversion projects that 
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are undertaken by public works organizations. The five most 
frequent causes of claims and delays in public works construction 
are: soil conditions, "unexpected" occurrences, the "new 
construction mentality", undiscovered deterioration, and 
scheduling / weather (Greenberg, 1985). 

Soil conditions that bring about unforeseen work as cited 
earlier in the paper are a universal problem throughout the 
industry. Disputes over subsurface conditions and changed 
quantities of work abound in this sector of the industry. 

"Unexpected" occurrences refers to the uncovering of 
previously unknown "historic remains" or old utility lines, etc. 
Delays and changes of this type stem from poor information 
provided to contractors through as builts and other media. 

The "new construction mentality" problem is one which stems 
from the historic "mind set" of the related parties in the public 
works construction process. Most public works parties still view 
every construction site as a "new job" when in reality most 
projects in this sector involve modernization and expansion of 
existing facilities. 

Many design problems result from the attitude that 
renovation and modernization designs are the same as new 
construction designs. This is not the case. For instance, site 
access and utilities work are extremely different in existing 
structures than during original construction. Many design 
problems and change orders occur in public works renovations due 


to lack of design constructability and forethought. 
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Likewise, contractors have a great deal of trouble on public 
works projects because of the same mentality. In refurbishment 
work, every job and its scope is unique and must be given a close 
review. In essence, many contractor caused delays on public 
works jobs stem from contractors not carefully reading the 
Sencract. 

Contractor caused problems can also come from contractors 
who are accustomed to work in one particular market, and are 
moving into a new market. Publicly funded construction and its 
standards are much different from private construction standards. 
Many contractors who are inexperienced in public construction 
fail to read the contract until they are found to be the low 
bidder and then realize that they have not properly estimated and 
planned the work. 

Undiscovered deterioration is inevitable in public works 
type work. The true physical state of a facility is sometimes 
not known until after construction work has begun. This is 
another case of an unforeseen work condition. 

Lack of site access and weather difficulties present the 
most cumbersome obstacles to scheduling public works type 
projects since often construction operations and facility use are 
ongoing simultaneously. Consequently, these are the two major 
causes of schedule delays that face the public works related 


parties. Weather related delays will be discussed later in the 


paper. 
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Lack of site availability, as promised contractually, is a 
problem for which the owner is responsible. This type of delay 
can cost the contractor money for equipment and labor left 
unproductive. This is a serious area of delay which results in 
many costly claims, disputes, and litigation. It is a major 
cause of delay on public works projects as well as other types of 
Penstruction. 

Public works type construction projects present a different 
perspective on delay. Some of the delays encountered are 
universal to all sectors of the industry, and others, 
(particularly unexpected conditions, undiscovered deterioration, 
and the "new construction" problem), are more prevalent in public 
works type projects. It is clear that the root of many of the 
delays encountered stem from ace of forethought and 
constructability planning on the parts of owners, designers, and 


contractors alike (Greenberg, 1985). 


THE TYPE OF WORK FORCE 

Unionized construction sites add another dimension to delay 
in construction. On these sites, jurisdictional disputes between 
various trade unions develop over which union on the job should 
perform a particular task. This can cause delays for which the 
contractor is responsible since these types of disputes are a 
meeeeoL the contractor's job of coordinating work. This is a 
problem that again stems from lack of planning on the part of 


contractors when planning and scheduling work. 


17 






OTHER ASPECTS OF DELAY 

It should be pointed out that delay is not completely 
negative, and sometimes can benefit the related parties, although 
this is the rare case. For instance, a contractor may be delayed 
on a project, and during the delay time the price of oil or some 
other building material or commodity drops. When the contractor 
recommences work, profit after delay (even with impact costs) 
exceeds that planned originally. Likewise, if a contractor has 
"work on the shelf" in the same general area, a delay on one job 
may mean the start of another, thereby increasing the 
contractor's volume in the short run. 

With the right set of circumstances, a contractor can at 
times turn a costly delay into a profitable time of work. 
However, this is a rarity and generally does not occur. It is 
for this reason that delay claims occur. 

From the owner's standpoint, delay may be an accepted entity 
to gain an overall objective. The Georgia Department of 
Transportation provides a good example of this point. It has 
been very successful over recent years because it has been able 
to accelerate the amount of federal funding for Georgia highways. 
It has done this by speeding its design process so that designs 
are waiting "on the shelf" for EOneeinan When other states have 
not been able to obligate allotted federal highway funds due to 
incomplete design, Georgia has been able to take the additional 


funding to speed its own highway development. 
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However, in the course of speeded pre-construction 
development, some designs have not been as precise as required, 
and in some cases right of ways have not been acquired. This has 
resulted in a slightly higher rate of construction delays and 
claims. However, the state has benefitted from a more developed 
highway system than original funding would have allowed. 

The state, in essence, has taken more risks in its pre- 
construction development, (resulting in more than the normal 
amount of delay), but has more quickly achieved its overall 
goals. This is a case in point of accepting construction delay 
as part of achieving facilities goals at a faster rate. 

In summary, causes of construction delay are affected not 
only by the four categories of the construction process, (related 
parties, owners intentions, project, agencies / outside forces), 
but also are significantly affected by the type of construction 
being accomplished, the type of work site, and the type of work 
force. Certainly there are factors not mentioned that are unique 
Bemother construction sites. 


Delays are not predictable, but some are "foreseeable". One 





of the most prevalent root causes of many delays is lack of 
complete planning by all related parties throughout the entire 
project life cycle. The more one is in contact with all elements 
of a project, the more that delays are foreseeable. The earlier 
that problems are resolved, the less costly they are to all 
parties, and the more effective is the effort of producing a 


quality final product. 


Jus, 





WEATHER AND ITS EFFECTS ON CONSTRUCTION 





Weather is a common cause of construction delay. It has 
significant effects on productivity and construction methods. 
But, often is the case when it is not fully considered by owners 
and their agents during design, or by contractors during 
execution planning. 

The major weather parameters that affect construction 
include reduced daylight hours during winter months (which is 
especially a problem in deep foundation structures due to less 
indirect light), heavy precipitation, high winds, and low 
temperatures (Page, 1971). 

A recent study illustrated the significant combined effect 
of humidity and temperature on construction productivity (Koehn, 
Brown, 1985). It found that productivity began to drop at 
temperatures below 50 degree F and above 80 degrees F and 45% 
humidity. 

To the extent that it is out of the ordinary or "unusually 
severe", weather is an excusable delay allowed the contractor. 
The contractor is entitled to a day for day extension of time for 
based on the length of the weather delay. Traditionally 
contractors receive no monetary consideration for weather delays 
since they fall under the force majeure classification of 
unforeseen conditions. 

memprove a weather delay, a contractor must show that the 
weather conditions in question were more severe than the 


historical average and that the contract operation was impacted 
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during the bad weather (Loulakis, 1984). Contractors who, during 
planning and estimating, do not check historical weather records 
for expected lost days during a contract period, increase their 
risk of delay and liquidated damages liability. 

Likewise, owners bring added costs upon themselves by not 
checking local weather records when they establish contract 
durations during the project design phase. This practice can 
lead to unreasonable durations which will require a premium 
price. Owners who do not recognize a contractor's valid weather 
delay adjustment request, and do not grant equitable time to the 
contractor, can very easily find themselves subject to an 
acceleration claim. 

Weather delays are inevitable in construction, which is so 
dependent upon good weather for a great percentage of its 
activities. Many weather delays are totally unforeseeable and 
legitimate causes for delay. Others can be avoided, and others 
mMitigated by sound management practice, which is the source of 


most weather delay related problems. 


CONSTRUCTION DELAYS CREATED DURING DESIGN 

As noted earlier, one construction claims study concluded 
that 56% of claims can be traced to defective contract documents 
and another 20% to site conditions (Thomas et al, 1987). One 
concludes from this finding that many delays encountered in 
construction stem not from the construction site itself, but from 


the conceptual planning and design phase. These delays are 
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clearly the owner's responsibility, and result from poor quality 
plans and specifications. 

Design deficiencies have increased over recent years due to 
the greater complexity of facilities and the faster pace of the 
project life cycle. Cut and paste methods of specification 
writing, rushed time periods of final design, and last minute 
decisions are the primary reasons that contradictory and 
ambiguous contracts are issued. The designs which contribute to 
delay lack constructability, clarity, and completeness. (Vlatas, 
1986). The time, initially thought saved by the owner, in 
rushing through design to expedite the project, is lost during 
construction delays, and paid for in change orders, negotiated 
settlements, and in the worst case, litigation. 

Other problems with construction specifications is an over- 
use by owners of "boiler plate" specifications and lack of a 
quantifiable basis for approving or rejecting substitute products 
under "brand name or equal" specifications (Kagan, 1985). In 
addition, designs which are re-issued for clarification after 
construction start and revised in response to contractors' shop 
drawings submittal are major causes of claims and delay. Another 
coordination problem in the design phase is resolving conflicts 
between the architectural, structural and mechanical drawings. 
Many designs are released for construction with these problems 


which are ultimately solved through costly change orders and 


delays. 
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Another major problem which contributes significantly to 
delay is lack of contract specifications which establish a 
sequence of contractor shop drawing submittal in conjunction with 
the construction schedule. Lack of such planning increases 
procurement lead times for materials which are often critical to 
the schedule (Kagan, 1985). 

In summary, designs must be well thought out, and time is 
often not taken to consider all of the issues at hand before 
releasing critical decisions which determine the project's final 
outcome. Too much time designing and planning, on the other 
hand, is costly to the owner as well. Architect and engineering 
time costs the owner, and the longer the project life cycle, 
generally the more expensive the final cost, particularly during 
times when cost escalation abounds. A balance must be achieved 
between these two extremes to provide designs which minimize 
changes and construction delay. 

Closely related to design of construction projects is ene 
product procurement cycle that provides facilities with 
materials, equipment and engineered systems. It is estimated 
that 58% of the $265 billion of construction value put in place 
in 1983 was devoted to the product procurement phase of project 
management (Ibbs, 1985). Certainly this percentage is close toa 
an annual norm for the construction industry, and points to the 
necessity for sound materials management techniques as part of 


the project management function. 
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A study of the procurement phase and product specifications 
practice of 224 publicly funded water and waste water treatment 
construction projects was undertaken in 1985 to more fully 
understand the problems associated with materials management and 
its impacts on project schedule and cost (Ibbs, 1985). 

The first significant finding was that 45% of the projects 
reviewed had some form of dispute with regards to the submittal 
process and 5% of the projects experienced formal claims. 
Average project delays resulting from these disputes ranged from 
9 days for the most informal disputes to 53 days for the formal 
claims, with an overall 14 day average delay per dispute. The 
study also concluded that all projects, regardless of size, are 
equally susceptible to submittal disputes, although most high 
value, formal protests occur on the larger dollar value projects 
where more capital is at stake. 

Another significant finding was that "brand name or equal" 
or proprietary specifications were responsible for most (56%) of 
product related disputes as compared with performance 
specifications (36%) and reference specifications (8%). 
Corresponding average length of project delay for each of these 
were 16.3 days per proprietary disputes, 7.8 days, performance, 
and 9.3 days reference. This substantiates the earlier cited 
problem of lack of quantifiable bases for rejection of 
proprietary material specifications submittal (Kagan, 1985). 

A major finding of this study with regard to construction 


delay was statistical results supporting the idea that the 


24 





earlier a dispute is settled, the less overall impact it has on 
project costs and schedules. In addition, it was found that 
"resolving a product dispute as early as possible saved, on 
average, some two days additional administration time". Also 
noted was the finding that the owner's probability of prevailing 
in a dispute was highest at the earlier stages, and the 
contractor's probability of prevailing was highest at the later 
stages (which ultimately ends at the formal claims level). 

Finally, the study concludes that the impact of the most 
serious disputes had more than just an effect on the contract 
schedule and budget. That is, "the more serious the level of 
product dispute, the less likely the whole project is functioning 
Satisfactorily at this time". This final point again stresses 
that there are no clear winners in formal disputes. It also 
points to the fact that projects which are plagued with cost and 
schedule over-run, are very likely to suffer in final product 
quality. This study, funded by the National Science Foundation, 
provided a wealth of information related to product specification 
problems which contribute to increased project cost and delay 
(Ibbs, 1985). 

In summary, the design and pre-construction phase of the 
project life cycle contributes to well over 50% of delays 
encountered during construction. The numerous problems cited 
above have serious effects on construction cost, scheduling, and 
quality of the final product. Resolution of this problem clearly 


rests on the shoulders of the owner as noted in the following 
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Beeerpt £Lrom a construction dispute trial, U. S. v. Spearin, 

mo 1S ; 
If the contractor is bound to build according to plans 
and specifications by the owner, the contractor will 
not be responsible for the consequences of defects in 
the plans and specifications....This responsibility of 
the owner is not overcome by the usual clauses 
requiring builders to visit the site, to check the 
plans, and to inform themselves of the requirements of 
the work. The duty to check the plans did not impose 


the obligation to pass upon their adequacy to 
accomplish the purpose in view (O'Brien, 1976). 


THE LEGAL ASPECTS OF DELAY 

Since some delays lead to litigation, it is important for 
the construction manager to have a basic meretanding of the 
legal implications of claims or disputes where a negotiated 
settlement is no longer possible. 

In litigation, and to a certain extent, arbitration, both 
parties lose. Statistical claims studies substantiate the fact 
that the dollar amounts of formal claims settlements are much 
higher than those settled through negotiation. One construction 
manager recently pointed out that when claims are settled by 
litigation or arbitration, the end result is "both sides are 
Swu@aliy unhappy" (Scott, 1987). 

Since construction projects are a function of so many 
variables, it is very difficult to apply legal precedents from 
common law that perfectly apply to the case in question. 
Furthermore, those who make the final decisions in a court of law 


may not be experienced in construction or familiar with the 
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industry norms. For these reasons, litigation is equally risky 
to both sides even when a case is clear in the eyes of the 
litigating parties. 

Claims result from changes that occur after an original 
course of action, (in construction, the original contract scope), 
has been set. Such changes include extra work, differing site 
conditions, defective designs, damage to completed work, owner 
interference, schedule interruption / changes, poor quality, and 
delays. The roots of claims can be classified into six 
categories: constructive change, acceleration, changed 
conditions, schedule changes, contractual obligation, and 
delay claims (Callahan, 1986). 

Constructive change claims result from owner's actions that 
result in more contractor work and time, but for which the owner 
refuses to execute change orders. This type of claim might 
include disputes over design deficiencies and owner “over- 
inspection" (demands by the owner for higher standards than 
specified). 

Acceleration claims can be caused by an owner overtly 
demanding that a project be completed ahead of the originally 
scheduled completion, or from an owners insistence that the 
original contract completion date be met, in spite of scope 
changes that would normally entitle the contractor to time 
extensions. 

Changed conditions claims occur due to differing site 


conditions and unforeseen work encountered. 


20 





Schedule change claims arise from suspensions, changes in 
sequence, or terminations of contract work. Claims of this sort 
include owner interference and interruptions, and owner 
termination of contracts due to contractor default or for the 
owner's convenience. 

Contractual obligation claims are the miscellaneous category 
which include refusal by the owner to take over completed work by 
the contractor, or early beneficial occupancy by the owner which 
interferes with work progress. 

Delay claims are the most prevalent of formal construction 
claims in the business. This is because virtually every scope 
change and contractual action that occurs during the course of 
construction has the capacity to delay the contractor in some 
form. Delay claims can be caused by owners or their agents, 
contractors, or acts of nature. Management caused delays can 
include non-availability of work site, interference on site by 
other contractors, owner directed work "slow downs", and slow 
approval of shop drawings or submittals. Contractor caused 
delays can include poor quality workmanship requiring rework, and 
failure to procure construction materials. 

All of the above claims involve construction delay to some 
extent, and claims which reach the formal level are extremely 
costly to owners and contractors. On large construction jobs, it 
iS not uncommon for claims to be in the millions of dollars, and 


many take years to settle. 
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One distinction to be made between claims and normal change 
orders is that claims generally seek compensation for the impact 
of a delay or unsettled change. Normal change orders are settled 
by negotiation and generally the parties agree to an equitable 
change in cost and time. 

Formal claims are basically rare in occurrence but very 
costly when they do occur. As an example, one recent study of 
contract change orders and claims revealed that normal change 
orders accounted for 96% of the change requests and over 99% of 
all time extensions, but only 81% of additional compensation. In 
other words, formal claims accounted for only 4% of change 
requests and less than 1% of time extensions (3 of 1,583 days), 
but astonishingly 19% of additional costs ($1.2 million of $6.1 
million) (Deikmann et al, 1985). 

The report does not discuss the additional administration 
and legal costs spent by the parties settling these claims. Even 
the parties who win in litigation, lose. The case preparation 
and legal fees required on either side of a claim is an enormous 
expenditure of time and resources. This finding is typical of 
ae industry-wide problem of construction litigation and claims. 

Construction law as related to delay and delay claims is a 
specialized field which this paper cannot begin to cover. 
However, it should be noted that many actions on the part of the 
related parties can and do impact the outcome of litigation. 

First, contractual disclaimers of liability or "exculpatory" 


Clauses, often used by parties in contract general provisions to 
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avoid liability, are often over-ruled in litigation (Loulakis, 
1986). In other words, the courts look more at the facts, 
proceedings, and management practices of the case at hand, than 
at the contract language. 

Second, sound documentation, or lack thereof, has a very 
significant impact on the positive or negative outcome of 
litigation. Use of CPM to show schedule impact before and after 
delays or changes has been found to be a useful tool in 
litigation because it depicts the construction processes inter- 
relationships. Because bar charts do not show inter- 
relationships, their use in formal proceedings has not been 
helpful to those using them. In one cited case, a contractor 
lost a delay claim because the firm's bar chart schedules could 
not substantiate evidence or impact of the alleged claim 
(Loulakis, 1984). In addition, CPM and similar scheduling 
techniques are tremendous management tools which, if used 
properly, can help avoid litigation. Above all, the actions of 
the parties involved have the most bearing on the outcome of 
formal proceedings. 

In legal proceedings one must be able to show that his/her 
actions were in good faith and that sound communication was used. 
Contractors in claims litigation must prove that additional 
compensation is warranted by the contract and the facts and, more 
importantly, the true impact costs of the claim. The owner must 
generally prove otherwise. Contractors who win claims receive an 


equitable compensation determined by the courts. Owners who are 
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unjustly delayed by contractors, recoup their losses through 
contractually set liquidated damages. The amount of liquidated 
damages is determined in accordance with the owner's daily 
contract administration cost and costs of delay in the new 
facility's operation. 

In summary, construction litigation is risky, complex, and 
costly to both winners and losers. Many delay and other types of 
claims result in litigation and formal claims proceedings which 
are cumbersome and lengthy. Claims are a function of contractual 
and management breakdowns that certainly are less expensive to 
solve than to continue legal settlements. Claims are the "worst 
case" outcome of delays. Management eens to delays and 
contractual difficulties are strongly needed to avoid the time 


and money wasted in construction litigation. 
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SECTION “Fi 
COSTeme emcee rRUCTION DELAY 
INTRODUCTION 
This paper has discussed the causes and legal aspects of 
construction delay providing the foundation for the remaining 
sub-topics associated with management of delay problems. This 


section discusses the quantitative aspects of delay; its costs. 


BUDGET, TIME, AND QUALITY 

The costs of delay can be classified in terms of financial 
resources, time, and quality. The timing and duration of 
construction delay significantly impacts all of these areas. 

MONEY 

The financial costs of delay are borne by both the 
contractor and owner depending on which party is accountable for 
the particular delay in question. The owner pays for his/her 
delays through additional compensation to the contractor for 
contract change orders and claims. Contractors pay the 
additional delay costs attributable to their own actions. In 
addition, a contractor may be liable to the owner for liquidated 
damages due to delay in contract completion. 

The costs (or damages) of delay can be categorized as 
"liquidated" and "actual" (O'Brien, 1976). lLiquidated damages 
are used as a special means of quantifying delay costs to 
expedite settlement without litigation. They are set in the 


contract to which both the owner and contractor agree. Actual 
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damages can be either "direct" or "consequential". 

Direct costs can include additional contract field 
management resulting from extended project duration, extended 
field and home office overhead, extended durations of equipment 
use, labor and material cost escalation, and any other costs 
which are directly tied to the project delay. 

Consequential costs "result from the delay, but are not a 
direct cost to it." They include such items as loss of bonding 
Capacity, limitations on work load due to limited working 
capital, and opportunity costs of lost additional business 
resulting in profit and income loss. 

From the owner's perspective, the three types of delays 
which can occur on a typical construction contract are 
compensable, excusable, and non-compensable (Scott, 1987). 

Compensable delays are delays for which the contractor can 
recover damages and be granted a time extension. They are caused 
by circumstances beyond the contractor's control. Typical 
compensable delays include owner or owner agent caused changes 
and differing site conditions. 

Excusable delays are delays for which the contractor can be 
granted a time extension, but no additional compensation. 
Excusable delays are beyond the control of both contractor and 
owner. The most common cause of excusable delay is unforeseen 
conditions (strikes, force majeure causes, etc.). 

Non-compensable delays are delays which are within the 


control of the contractor, and for which neither time or 
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compensation are granted. These delays may result in liquidated 
damages assessment by the owner if the contractor fails to meet 
the contract completion date. 

Concurrent delay occurs when compensable and non-compensable 
delays occur at the same points in time. When this is the case, 
the contractor is due a time extension only and no additional 
compensation. 

Financial costs of delay are relative to the volume of work 
in progress at the time of delay, the relative position of the 
delayed construction activity in the overall project schedule, 
and numerous other variables including costs of capital, labor, 
materials, and equipment. 

aE BIE, 

The cost of construction delay, in terms of time, again 
costs both owner and contractor. The delay to the owner means a 
longer wait for the new or modernized facility. This may mean 
less revenues, less efficient operations, or any number of other 
benefits which may be lost due to lack of a complete facility. 
To the contractor, time delays mean extended project overhead 
costs, cost escalation, and loss of future work. 

In many respects, delay is an opportunity cost to the 
contractor. This is because the amount of uncompleted work in 
progress limits a contractor's bonding capacity. If that 
outstanding work is delayed, the contractor is not making money 
on the delayed job, and the delayed work at the same time is a 


limit to present and future bonding capacity. A significant 
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delay, in a sense, costs the contractor twice. Furthermore, the 
delay makes certain operations underway unproductive, thus 
limiting the contractor's cash flow on the job, and the 
contractor's financial capacity to fund other work. 

QUALITY 

The quality costs of construction delay are more qualitative 
than the time and financial resources costs. However, one recent 
study, as noted in the first section, concluded that those 
projects which were plagued with construction delay problems were 
the most likely projects to be suffering from operational 
problems in the post-construction, or "user" phase of the 
facility life cycle (Diekmann et al, 1985). Some of the factors 
which contribute to quality losses during delay include installed 
materials suffering from environmental exposure, poor workmanship 
due to longer "learning curves", low morale, errors and omissions 
in work due to sporadic schedules and lack of continuity, and 
numerous other types of quality losses specific to the projects 
suffering from delay. 

In summary, many of the delay quality losses are intangible. 
Others, which are discernable and require rework, contribute to 
more delay and higher costs of completion. Quality costs of 
delay are related to the overall project management skills 
employed by both owners and contractors, and both parties benefit 


from sound construction management relationships and practice. 
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A CASE STUDY OF TYPICAL COSTS (Diekmann et al, 1985) 

One recent study of contract change orders and claims and 
their corresponding root causes and costs in terms of additional 
compensation and time, adds some perspective to the subject of 
delay and its costs. The results of this study's additive change 
order analysis on 22 federally funded construction projects 


(total original award amount $103,900,000) is listed below: 


CHANGES MONEY TIME 

SHANGE ORDER TYPE # % $000 % DYS % 
Design errors 145 46 2,452 40 290 18 
Changes 

Mandatory 41 | 7-3 662 Ly 55 3 

Discretionary 40 13 oa 17 135 9 
Differing Site 

Conditions 46 15 772 13 140 9 
Weather 29 9 0 0 560 35 
Strike 5 2 0 Q 400 25 
Others 7 2 ioe 19 2 0 
Totals 313 100 6,130 100 Epos == LOO 


Statistics drawn from this data set include: Each additive 
change order averaged $19,900 (skewed somewhat by the "Others" 
category which involved 7 formal claims totalling $1,202,000). 
25% of additive change orders requested additional time which 
amounted to 20 days per time-extending change order. Unforeseen 
conditions ("Weather" and "Strikes") accounted for 60% of the 
additional time granted. It is interesting to note that design 


and changes, which are totally beyond the control of the 
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contractor, accounted for 72% of the changes, 68% of additional 
costs, and 30% of additional time on these contracts. The 
additive change order rate for this data set was approximately 
6%. Other conclusions can be drawn from this data which 
quantifies some of the costs and causes of contract delay and 
changes. The above data set is relatively small and only 
pertains to the federally funded sector of the construction 


industry (Diekmann et al, 1985). 


PoeeOUNTING FOR COSTS 

Accounting for specific delay costs is one of the most 
important construction management functions. From the 
contractor's perspective, cost accounting is clearly related to 
receiving equitable compensation for time and cost on projects 
when original contract scope differs from field conditions. 

To recover on a construction claim or change order, a 
contractor must prove both the "entitlement and quantum aspects" 
of the claim (Loulakis, 1985). Entitlement refers to proving the 
contractor's theory of recovery within the confines of the 
contract (i.e. differing site conditions, delay, etc.). Many 
contractors devote substantial attention to proving entitlement 
and then fail to properly quantify the costs with an "accurate 
and organized quantum presentation". 

Quantum presentation refers to how costs are shown and 
proven for the change or claim in question. This presentation, 


through records and other written media, determines the 
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contractor's claim price. The related parties or courts, 
whichever the case, use the quantum presentation and other 
contributing facts to resolve an equitable claim settlement. 

The most accurate method of pricing a change order or claim 
is by establishing a separate set of accounts for the work in 
question, which demonstrates the actual cost of work performance. 

Another method, commonly favored by contractors, but not as 
often by courts and formal contract appeals boards, is the "total 
cost" method. "Total cost" refers to the difference between the 
original estimate and the final project cost. Contractors like 
this approach since it, in essence, converts a fixed-fee contract 
into a cost plus fixed-fee arrangement, thereby allowing 
contractors to recover all project costs (whether owner-caused oT 
MOU). 

Four conditions, established by common law, that must be met 
before the total cost method can be used in claims proceedings 
are: "1) the nature of the losses make it impossible or highly 
impractical to determine them with a reasonable degree of 
accuracy, 2) the contractor's bid or estimate was realistic, 3) 
the contractor's actual costs were reasonable, and 4) the 
contractor was not responsible for the added expenses" (Loulakis, 
1985). These four conditions safeguard the owner from 
contractors who would like to use the total cost method when it 
is not justified. 

Accurate and valid cost accounting, and proof of prudent 


expenditures by the contractor, add to his/her credibility during 
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settlement proceedings. This expedites settlement and reduces 
tensions which stem from the traditional adversarial relationship 
between owner and contractor. A balanced approach, with both 
sides considering the goals and needs of the other side, will go 
a long way towards resolving cumbersome and lengthy negotiations 
and avoiding litigation. Cost accounting which provides 
management with the information it needs, is crucial to the 


management of change and claims. 


ACTUAL COSTS ASSOCIATED WITH DELAY 

The costs of delay are a function of many variables 
including the timing of the delay, the type of construction, the 
impacts in terms of idle resources, the costs of resources, 
extended overhead expenses, and many other similar variables. 
Because of the uniqueness of each construction site, there is no 
way to quantify an industry-wide daily general cost of delay. 

From the contractor's perspective, common compensable, 
(recoverable), delay expenses include "the costs of idle 
personnel and equipment, losses of efficiency from the "impact" 
or "ripple effect" of the delay, additional overhead, cost 
escalation, and under certain circumstances, the costs of extra 
efforts to accelerate completion of the project" (Denniston, 
igs5). 

The costs of idle personnel and equipment stem often from 
the inability of the contractor to transfer idled workers or on- 


Site equipment to another job. An owner caused classic delay or 
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work disruption will usually result in this type of cost. 

Losses of efficiency costs may include costs which result 
from the contractor having to perform the delayed work (when re- 
commenced) under less favorable conditions. Typical problems 
associated with inefficiency include reduced worker morale, 
breakdowns in the normal flow of work, crew reductions, learning 
curve losses, over-manning or crowding, demobilization and re- 
mobilization, adverse weather, and site conditions when work is 
re-started (O'Brien, 1985). Other efficiency losses may include 
certain portions of work having to be performed in a different or 
less efficient sequence, or use of less efficient construction 
methods than those based on the contractor's original bid, work 
plan, or CPM schedule (Denniston, 1985). 

Escalation effects are most costly in an inflationary 
economy, and are a result of the delayed work having to be 
performed during a later time when labor, materials, and 
equipment are more costly. 

Acceleration costs have been discussed earlier. This type 
of cost generally occurs due to unreasonable and inequitable 
treatment of the contractor's situation by the owner or owner's 
agent. 

In addition to the direct costs of delay cited above, the 
indirect or overhead costs also increase with the length of 
delay. Overhead expense rates generally are the same whether a 
job is progressing or delayed. Overhead consists of field 


Supervision, field expenses, bonding expenses, and home office 
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overhead (O'Brien, 1985). Field supervision is the personnel 
expense the contractor must pay to manage the contract on site. 
Field expenses or "general conditions" are the on site contract 
support expenses other than personnel. Items in this category 
include trailers, office equipment, light trucks and cars, 
temporary utilities, and other similar support items. Bonding 
expenses, typically 1% of total cost, are the costs of bonding 
during the additional delayed period. In addition, the 
contractor may claim interest as an expense during a delay due to 
the cost of capital while maintaining an unproductive job. Home 
office expenses are typically 3 to 5% of the contract value and 
many methods are used to calculate this item. The most widely 
accepted method for calculating home office expenses is the 
"Fichleay" formula, which uses the project revenues vs. company 
revenues ratio for allocating home office overhead to the 
contract in question (O'Brien, 1985). 

The most important aspect of delay costs is the capability 
of each party to identify quantifiable and separable impacts 
resulting from the delay. Where a dispute situation is 
identifiable early on, both parties should maintain time and 
material records in anticipation of the proceedings which will 
settle the dispute. This action will benefit all parties as 


resolution will be faster and more concrete. 
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THE TIMING OF DELAY 

The most critical determinant of the cost of delay may be 
the time in the project life cycle when the delay occurs. A 1984 
publication on the project management of the Metropolitan Atlanta 
Rapid Transit Authority's construction of the rail and subway 
system serving the greater Atlanta area, revealed some noteworthy 
statistics concerning the work efforts during a typical project 
life cycle. These are listed in the table below (Shah and 


Lammie, 1984): 





Cycle Phase ne Avg man-month/month 
Concept Month Oe Crs oo 
Preliminary 

Design Month Seow Ss 6.25 
Detailed 

Design Month Sato 20 HO 7.5 
Construction Menmen 20) to 42 LOLS 


This table illustrates the relative impact of the same delay 
during various phases of the project life cycle. The direct 
impact costs (not including escalation) of a classic delay in the 
construction phase is on the average almost 10 times greater than 
the same delay during the detailed design phase. 

As the report noted: "It becomes quite evident that in terms 
of schedule acceleration or compression, a small staff increase 
in the initial stage of a project will provide much more gain 
than that same force applied toward the end of the project in 
construction." It is also evident that costs of construction are 
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best controlled in the early stages of the project life cycle 
when savings can be achieved through design decisions and by 
mesolying coordination problems that could crop up during 
construction, leading to much more costly delay in terms of 
impacts costs. A balanced approach must be taken, as too much 
excessive planning results in the same day-for-day cost 
escalation as does a delay in the construction phase. 

In summary, delays become more and.more costly as the 
project progresses through construction. The costs of delay in 
construction can be categorized into three areas; direct, 
indirect and the "value of lost revenues and benefits" (Zack, 
1985). An additional month of concerted effort during the 
planning and design stage in some cases might be well worth the 
investment when one considers the greater costs associated with 


delays during the later stages of the project construction cycle. 
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SECTION ITIL 


a PIE LDeeaubDyY OF CONSTRUCTION DELAY 


mua RODUCTION 

This section adds a field perspective to this study by 
providing data drawn from 48 recently completed construction 
contracts. The purpose of this field study was to review a 
sample population of construction contracts and ascertain the 
frequency and causes of contract changes and to assess their 
respective impacts in terms of cost and delay. 

THE DATA 

The sample population chosen is a group of 48 general 
building construction contracts administered by the Southern 
Division, Naval Facilities Engineering Command, in Charleston, 
South Carolina. The Southern Division is responsible for all 
eemeo. Navy (and some U. S. Air Force) construction in the 
Southeastern United States and consequently this sample 
population includes many Southeastern U. S. locations. The 
contracts were completed between October 1984 and April 1987. 

It was decided to limit this study to forms of general 
building construction so there would be some commonality in the 
construction scopes of the studied projects. It would be 
difficult to compare results, for example, of an aircraft 
pavement project with a high voltage electrical system upgrade. 

Even still, there were variations in the data as building 


construction types included aircraft hangars, military personnel 
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feaeaneg, instructional facilities, laboratories, modification / 
conversion / building addition projects, office buildings, and 
warehouse facilities. These variations, however, are not deemed 
significant enough to nullify the results. In addition, much of 
the analysis has taken the various building types into 
consideration. 

Specific data for each construction contract was collected 
by reviewing each respective contract file and recording all 
pertinent contractual data including original cost and completion 
times, change orders with corresponding time and cost 
adjustments, and their reasons for occurring. All data collected 
for each contract and its corresponding change orders is shown by 
sample contract number in Appendix B. 

DATA MANIPULATION 

Data was entered into 2 separate data bases, one for 
contracts, and the second for change orders. The file manager 
programs PFS File and PFS Report were used to store and sort the 
two data bases. The contracts data base has a total of 48 
contracts and the changes data base has 432 change orders. 

Data was sorted in numerous ways to achieve the results and 
to ascertain the amounts of delay and additional costs 
encountered. This is illustrated and explained in "results and 
analysis", of this section. Applicable data sorts are shown with 
the results. Other data sorts not specifically used in the 
results and analysis, but which may provide the reader with a 


better background of the data bases, are provided in Appendix A. 
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RESULTS AND ANALYSIS 

This part of the field study will be broken into two parts. 
The results of the contracts data base will be discussed first, 
and then will be followed by discussions on the results of the 


changes data base. 


THE CONTRACTS DATA BASE 
TABLES 1 AND 2 

The contracts data base consists of 48 contracts totalling 
$100,156,635. A general summary of the data base is provided in 
Table 1, which provides some of the basic data for each contract 
including contract number, title, building type, liquidated 
damages daily rate, and abbreviated cost and time data. 

The total contracts data base had additional costs totalling 
$6,864,839 with a total final cost of $107,021,474. Some 
sensitivity analysis is required in that sample contract #46 has 
$1,896,595 in change orders or a full 27.6% of the total 
additional cost. Therefore parts of this analysis have been 
accomplished without taking contract #46 into consideration. 
Table 2 provides a totals only summary of all reviewed contracts 
Seeimding contract #46. 

Two of the factors which have been sought from these two 
tables include the cost factor (CSTF) and the final delay factor 
(based upon original completion time), (FDF(0O)). The CSTF, which 
is calculated by dividing final cost by original cost,is an 


Paatecator of cost over-run over the original bid. The FDF(0) is 
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calculated by dividing final contract duration by original time 
of completion, and is an indicator of total time over-run for the 
project. The CSTF and FDF(0O) for the two general summaries 


provided in Tables 1 and 2 are provided below: 


Coir (all contracts) = 1.069 
EDEOo mall COntraccs) = 12373 
esTF (excluding #46) = 1.052 
FDF(O) (excluding #46) = 1.368 


The two cost factors are, in essence, the dollar value 
change order rate (6.9% and 5.2% respectively) for these 
contracts. The delay factor is somewhat more significant (37.3% 
and 36.8% respectively). A delay factor estimated at 1.37 
results in a contract originally scheduled for 365 days finally 
being completed in 500 days. These tables provide a "macro" view 
of the contracts data base. 

LIME FACTORS 

Key time factors for use during review of the data include 
the original contract time established at contract award (ORCT), 
the additional contract time granted by change orders to the 
contract (ADCT), the final contract time (FNCT) which is the sum 
of the ORCT and ADCT, and the final contract duration (FDUR). 

The FDUR may be less than the FNCT if the contractor completed 
the job early, and may be greater than the FNCT if the contractor 
was late, in which case liquidated damage days (LDDY) represent 
the number of days the contractor was late and was assessed 


liquidated damages. 
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CONTR# 
810910 
890242 
830436 
811112 
800477 
810578 
810425 
811016 
820084 
790472 
838709 
830365 
830449 
830502 
838240 
810924 
818809 
810855 
810412 
810408 
828291 
838269 
830180 
830187 
838135 
| 820324 
 B11a14 
810894 
| 838516 
| 858529 
| 830488 
) 830185 
| 838091 
| 880355 
| 848872 
, 850126 
) 950099 
| 830183 
| 838194 
| 810983 
| 840444 
) 810109 
‘810440 
1 800423 
| 820245 
» B1A344 
) 810800 
3 818020 


TITLE/LOC 
Applied Instruction Bldg, NAS Memphis 
Ocean Research Lab NORDA St. Louis MS 
Grp Trng Bldg Barksdale AFB Shrevepor 
Fi8 Support Facilities MCAS Beaufort 
UEPH Modernization MCRD Parris Island 
UEPH NCBC Gulfport HS 
UEPH NCBC Gulfport MS 
Chapel NAS Dallas TX 
UEPH Barksdale AFB Shreveport LA 
Cons. Support Ctr. England AFB 
Alts to Rsv. Ctr. Savannah 6A 
Alterations to EDF NCBC Gulfport MS 
PSD Bldg NSA New Orleans LA 
Ops Trng Bldg NAS New Orleans LA 
Env./Med. Facility Shreveport LA 
Maintenance Hanger NAS Cecil Field FL 
Family Svc Ctr NAS Kingsville TX 
Family Svc Ctr NAS Cecil Field FL 
UEPH MCRD Parris Island SC 
Alterations to UEPH Shaw AFB Suater § 
Gya Addition Shaw AFB Suater SC 
Waterfront Svcs bldg NS Charleston SC 
Child Care Ctr NAS Pensacola FL 
PSD Bldg NAS Kingsville TX 
H@TRS Bldg Charleston AFB 


TN 
t LA 


SC 
SC 


C 


UEPH laprovements MCRD Parris Island SC 


UEPH NAS Dallas TX 

Ops Trng Facility MCAS Beaufort SC 
Crew Bldg Barksdale AFB Shreveport LA 
Logistics Bldg NAS Dallas TX 

Training Bldg NAS Dallas TX 

PW Shops NAS Kingsville TX 

Gen’! Warehouse NCBC Gulfport 4S 

Rel Ed Facility NAS Jacksonville FL 
Hgtrs Facility NAS Key West FL 

Family Sve Ctr NAS Beeville TX 

Child Care Ctr Barksdale AFB Shrevepo 
Ops Trng Facility NAS Corpus Christi 
Fleet Trng Facility NS Mayport FL 
Gen’! Warehouse NAF Mayport FL 
Avionics Shop Addition NARF Jacksonvi 
AC Maint. Facilities NAS Cecil Field 
Base CE Facility Shaw AFB Suater SC 
AC Maint Hanger NAS Dallas TX 

Applied Inst. Bldg NTC Orlando FL 

Ops Trng Facility NS Mayport FL 
Family Svc Ctr NAS Corpus Christi TX 
Maint Hanger Addition MCAS Beaufort S 


rt LA 
TX 


Ile FL 
FL 


C 


Average: 
Total: 
Count: 


TABLE 1 
SUMMARY OF ALL REVIEWED BUILDING CONSTRUCTION CONTRACTS 


TYPE 
INST 
LAB 

INST 
MODS 
MODS 
HS6 

HS6 

INST 
HS6 

OFFC 
MODS 
MODS 
OFFC 
INST 
LAB 

HN6R 
OFFC 
OFFC 
HS6 

MODS 
HODS 
OFFC 
HS6 

OFFC 
OFFC 
MODS 
HS6 

INST 
MODS 
WHSE 
INST 
WHSE 
WHSE 
OFFC 
MODS 
OFFC 
MODS 
MODS 
INST 
WHSE 
WHSE 
MODS 
OFFC 
HN6R 
INST 
INST 
OFFC 
HNGR 


OR16 COST 


3,676, 008 
5,064, 644 
2,189, 000 
3,865,000 
2,760, 900 
2,828, 000 
4,623,154 
1,467,485 
4,731, 000 
1,490,000 
199, 447 
1,039, 139 
1,015, 080 
1,776, 000 
433,399 
4,888,000 
393, 000 
482,569 
5,247, 000 
1,864, 000 
1,798, 000 
912,163 
794, 880 
635,000 
2,935, 227 
1,035,679 
3,012,700 
827,777 
2,107, 250 
614,092 
398, 251 
1,407,000 
3,213, 958 
727,000 
949,860 
396,000 
740, 000 
574, 000 
703,920 
3,791, 000 
bb7, 203 
1,392,500 
4, 453, 088 
3,065,466 
4,894, 008 
5,219,822 
418,980 
2,457, 008 


2,086,597 


100, 156, 635 
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FNL COST 


3,933,923 
5 432,923 
2,275, 018 
4,669,575 
2,807, 341 
2,858,737 
4,641,377 
1,479, 339 
4,773,880 
1,537,241 
213, 750 
1,111,586 
1,026, 685 
1,825,906 
436, 380 
5,082, 662 
401,087 
490,076 
5,272, 903 
2,049,017 
1,911, 284 
902,014 
840,021 
651, 284 
2,991,078 
1,024,469 
3,828, 041 
845,777 
2,146,579 
621,281 
390, 261 
1,417,589 
3,234,844 
737,559 
1,080, 055 
416,072 
746,981 
580,860 
740,784 
3,918, 447 
679,971 
1,941,929 
4,778,153 
3,350,165 
5,235, 684 
7,115,617 
405, 052 
2,930,457 


2,229, 614 


107,021,474 


369 
278 
448 
368 
439 
278 
428 
212 
369 
188 
240 
369 
488 
388 
248 
382 
2/0 
S88 
270 
438 
308 
365 
028 
439 
028 
048 
288 
368 


384 
024 
282 
o77 
389 
493 
718 
28 
ot8 
085 
485 
388 
098 
377 
694 
221 
449 
395 
288 
379 
a 
328 
382 
376 
383 
342 
327 
066 
44) 
778 
B91 
634 
648 


641 


625 


3, 688 


385 


Slr 


| 


RD ee ee ee 
oc ses ese @ zs. se es ® 


i —~ 


1.148 
1.211 
1,258 
1, 483 
2.118 
1,713 
1,393 
1.231 
1,476 
1.125 
1,78! 





TABLE z 
SUMMARY OF ALL REVIEWED CONTRACTS (EXCLUDING #44) 


CONTR TITLE/LOC TYPE ORIG COST FNL COST ORCT FOUR $LD CSTF FDF (0) 
Average: 2,819,949 Zyl eagod) 378 ot 388 
Total: 94,937,613 99,905, 857 
Count: 4] 


@a2e2e2 2 2 2 2 SS eS | = E22 ee 2 2 2 2 2 @ eae = = a ot > oe ot > ot oe a oe -_>S_ = Seo eas —=—e222<_ 
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TABLES 3 THROUGH 12 
Tables 3 through 12 provide a more detailed look at the 
contracts by building type. The building types and their 


corresponding abbreviations are: 


Building type Abbreviation 
Aircraft Hangar HNGR 
Personnel Housing HSG 
Instructional buildings INST 
Laboratory facilities LAB 
Modification / Conversion / 

Addition projects MODS 
Office buildings OFFC 
Warehouse facilities WHSE 


Tables 3 and 4 are totals only summaries of all contracts by 
building type, Table 3 includes #46, and Table 4 excludes #46. 
Tables 5 through 12, (in Appendix A), provide the reader with a 
contracts summary and cost and time analysis of each building 
type and its corresponding contractual data. Table 7 provides 
data for all of the instructional buildings including #46 and 
Table 8 for all instructional buildings excluding #46. Two new 
factors are introduced; the contract time delay factor (CTDF) and 
the final delay factor (based upon the final completion time set 
my the contract change orders), FDF(F). 

The CTDF is calculated by dividing the final contract time 
(after change orders) by the original contract time. It 
represents the amount of delay which is allowed by the contract 
and change orders. 

The FDF(F) is calculated by dividing the final duration by 
the final contract time. It is an indicator of whether the 
contractor completed the job within the contract time as set by 


a0) 





the contract and change orders. 


job early the FDF(F) is less than 1.000. 


4ob after the final completion date, the FDF(F) is greater than 


1.000. 


iPmehie contractor finished the 


If he/she completes the 


A summary of key cost and time factors for each building 


type is listed below. 


BLDG TYPE Csi Crpe Pee FDF (0) 
HNGR OZ 1.451 Oe ogow woo & 
HSG 009 aa 1.044 Peo 
INST Pees ores 0.996 ie ec 
INST(EX #46) 15 050 ee woo 6 1.287 
LAB 1.068 feoos 1.000 io oS 
MODS ie So 1.433 1.000 1.433 
OFFC 12035 ewe 1.018 deo Oe 
WHSE 1. OFS 1.214 aol? O82 
ALL CONTRACTS 1.069 io) 1.020 1.388 





It should be noted that the high CTDF and FDF(0) values for 
the LAB category are somewhat misleading since there were only 
two laboratory projects, one of which had 792 days added to its 
original duration of 630 days. This also increases the overall 
delay factors. One can quickly see the impact upon cost factors 
that contract #46 has on both the instructional category as well 


as the overall contract total. Another point of interest is that 


the modifications (MODS) and aircraft hangar (HNGR) categories 
Nave the highest cost and delay factors of all the building 


types. 
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TYPE 


HN6R 


Total: 
Count: 


HS6 


Total: 


Count: 


INST 


Total: 
Count: 


LAB 


Total: 


Count: 


MODS 


Total: 
Count: 


OFFC 


Totals 
Count: 


WHSE 


SUMMARY OF ALL CONTRACTS BY BUILDING TYPe 


ORIG COST 


10,410, 466 


21,235,854 


21,143, 385 


5,498, 043 


18, 325,775 


13,849, 859 


9,693,253 


ADDCOST 


952,818 


199, 105 


2,698,044 


371,268 


1,977,651 


486 , 282 


178,879 


a2 


FNL COST 


11,363, 284 


21,434,959 


23,842, 229 


Lae | 
a | 


ra oN 
Decode 


28,383, 426 


14,336, 141 


9,872, 132 





TABLE 4 
SUMMARY OF ALL CONTRACTS BY BUILDING TYPE (EXCLUDING #46) 


Tee ORI6 COST ADDCOST FNL COST ; 


HN6R 


Total: 10,418,444 952,818 11,363,284 
Count: 3 


H56 


Total: 21,235,854 199,185 21,434,959 
Count: b 


INST 


Total: 15,924,363 882,249 14,726,612 
Count: 8 


LAB 


Total: 3,498, 843 371,268 3,869, 383 
Count: 2 


NODS 


Total: Wdeozo,07 3 D977 O01 28,383,426 
Count: 12 


OFFC 


Total: 13,849,859 484,282 14,336, 141 
Count: {1 


WHSE 


Total: ple aaa 178,879 DOI Ls loz 
Count: 9 


Total: 94,937, 413 4,968, 244 977 900,00) 
Count: 47 
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TABLES 13 THROUGH 15 

These tables present the contracts data base sorted by 
dollar value of the original contract price. The 3 categories 
for sorting purposes are: contracts greater than $3 million, 
contracts between $1 million and $3 million, and contracts less 
than $1 million. The upper echelon comprises 57.4% of the total 
contract dollar volume (54.4% with #46). The middle echelon 
comprises 31.1% (29.5% with #46), and the lower echelon 11.4% 
(10.8% with #46). The following is a summary of the key cost and 


delay factors for each dollar value segment of this analysis. 


DOLLAR VALUE CSE CrDE FDF (FEF) PDE(®) 
> $3M ow 9 e435 1.000 1.455 

> S3M(EX #46) 1.052 1.453 1.000 1.453 
Si Om ooh oie. 1.368 O29 1.407 

< $1M 1 OE ye 16 1.048 1.275 


One can conclude from this data summary that the cost and 
contracted time factors were higher for the higher priced 
contracts than for the lower priced contracts. However, 
completion within specified times was more evident on the higher 
dollar contracts primarily due to the higher corresponding 
liquidated damages. From the standpoint of cost factor, this 


data summary does not support the theory of economies of scale on 


larger dollar volume contracts. However, the only factor being 


considered in this analysis is dollar volume in and of itself. 
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TABLE 13 
NUMERIC DOLLAR SORT - > $3M - TIME ANALYSIS 


FNCT 


ORIG COST ORCT ADCT LDDY 
3812788 428 234 694 a 
48 8 68 111 

3865466 459 274 729 a 
3213958 488 99 079 8 
3676888 420 317 737 18 
3791888 430 182 Joe 14 
3860888 488 139 dso a 
498 308 738 0 

4453808 228 371 891 8 
4b23154 788 7 787 8 
4731808 430 112 062 E 
4888008 048 a7 aay 8 
4894008 028 198 718 8 
0864644 638 792 1,422 a 
9219822 048 207 797 8 
0247088 248 129 669 4} 
Average: 478 214 684 1! 


634 
079 
747 
066 
039 
738 


891 
707 
562 
597 
bh@ 
1,422 
797 
718 


684 


FDF (F) 


NUMERIC DOLLAR SORT - > $3M (INCLUDES 846) - COST ANALYSIS 


ORIG COST ADDCOST 
Average: 4,267,425 337, 446 
Total: 99,743,944 § 724,258 
Count: 


33; 


FNL COST 


4,604,871 
64,448,194 


FDF (0) 





ORIG COST 


1815888 
1835679 
1839139 
1392588 
1487888 


1467485 
1498888 
1776888 
1798888 
1864888 
2187258 
2189888 
2457888 
2768988 
2828888 
2935227 


TABLE 14 


NUMERIC DOLLAR SORT - > $1M TO < $3M - TIME ANALYSIS 


ORCT ADCT FNCT LDDY 
369 19 384 8 
278 187 377 8 
395 272 667 8 
389 485 778 a 
365 14 379 8 

68 14 74 182 
38 14 44 Q 
428 182 922 q 
455 96 Jul Q 
488 4h 924 8 
365 128 485 28 
048 88 628 0 
365 98 463 Q 
365 135 088 8 
368 281 641 Q 
338 282 932 8 
428 219 639 128 
493 143 098 8 
iS 497 14 


Average: 30d 


FDUR CTDF 
384 1.852 
377 1.396 
647 1.689 
778 2.118 
379 1.838 
176 Ie205 

44 1,467 
31 1.243 
Jol 1.211 
324 1.892 
alg 1.329 
628 1.148 
449 1.268 
088 1.378 
641 1.781 
932 1.612 
739 poz! 
998 1.314 
281 


FOF (F) 


NUMERIC DOLLAR SORT - > $1M TO < $3M - COST ANALYSIS 


ORIG COST ADDCOST 
Average: 1,847,631 112, 885 
Total: 29,062, 188 1,792,875 
Count: 


56 


FNL COST 


1,959, 636 
31,354,175 


FDF (0) 





TABLE 15 
NUMERIC DOLLAR SORT - ¢ $1M - TIME ANALYSIS 


ORIG COST ORCT ADCT FNCT LDDY FDUR CTDF 


8199447 128 147 267 8 267 Dedea 
0398261 248 a 248 49 288 1,088 
0393808 388 9 389 g 389 1,838 
0396088 388 62 362 14 376 1.287 
8418980 288 275 S50 4 315 1.982 
8433399 278 12 282 8 282 1,844 
8482569 278 18 288 123 4B3 1.837 
8574008 388 42 342 8 342 1.148 
B61 4892 188 22 282 193 395 Meri 
0635008 368 28 388 B 388 1,878 
8667283 388 145 445 a 445 1.483 
8783928 278 a7 327 a 327 1.211 
8727808 388 28 328 a 328 1.893 
8740088 278 33 383 a 383 1,122 
8794008 44g 45 485 a 485 1,182 
8827777 212 15 227 a 221 1,87! 
8912163 278 38 388 197 385 1.441 
8949868 248 78 318 a 382 {2320 
Average: 273 38 S02 32 348 


NUMERIC DOLLAR SORT - < $1M - COST ANALYSIS 


ORIG COST ADDCOST FNL COST 
Average: 682,811 19,362 622,173 
Total: 16,858,591 348,914 11,199,185 


Count: 


a7, 


FDF(F) 


FDF (0) 





TABbEOo 16 THROUGH 18 
These tables provide numeric sorts of the contracts data 
base by dollar amount of liquidated damages per day. The results 
are as expected; that as liquidated damages rise, completion of 
the contract within the final time allotted is more likely. This 
is illustrated below with a summary of the key time factors of 


mrs sort. 


DELAY FACTORS AND LIQUIDATED DAMAGES RATES 


$LD/DAY AVG $LD/DAY CTDF FDF (F) FDF (0) 
> $300 $800 1.455 oon 1.457 

$100 TO 300 $180 1.320 Lees 1.354 
< $100 $ 62 1.228 ons sae 


This summary basically supports the traditional thoughts on 
liquidated damages and their effect on contract completion within 
prescribed time limits. The summary suggests that as the 
contract price and liquidated damages rise, so does the contract 
time delay factor. This may be because contractors negotiate for 
more time on change orders when more capital is at risk, while on 
the lower dollar volume (and lower liquidated damages) contracts, 
they are willing to assume more risk. 

A review of these three tables will provide the reader with 


much more information on this sort than is presented in this 


summary. 


SG 





$LD 





ORCT 
248 
242 
498 
788 
428 
248 
248 
049 
928 
638 
480 
458 
228 
428 
408 
435 
428 
499 
368 


476 


ADCT 
129 
13 
112 
7 
234 
88 
7 
297 
371 
792 
99 
182 
198 
317 
338 
143 
ae 
274 
281 


212 


FNCT 
669 
227 
562 
707 
654 
628 
597 
797 
891 

1,422 
579 
552 
118 
737 
750 
598 
639 
729 
bat 


CTDF 


TABLE 16 
LIGUIDATED DAMAGES NUMERIC SORT - > $308 - TIME ANALYSIS 


LDDY 


41 


— 


fame 


— 
eo 
a —waoa cae 8 @ f- SF Be ge ase s&s =S & = ws 


FDUR 


ao 


FDF (0) 


FDF(F) 


LDDF 
8.86 
0.08 
8.88 
0.88 
8.08 
0.88 
8.88 
8.08 
8.88 
8.88 
0.08 
8.82 
@. 88 
8.81 
8.88 
8.88 
8.16 
0.80 
8.80 


8.8! 


ORIG COST 
5,247, 000 

827,777 
4,731,800 
4,623,154 
3,012, 708 
1,864,800 
4, 888, 000 
5,219,822 
4,453, 800 
5,064,644 
3,213,958 
3,791,808 
4,894, 080 
3,676,000 
3,865, 820 
2,935,227 
2,828, 088 
3,065,466 
2,457,200 





TABLE 17 
LIQUIDATED DAHAGcS NUMERIC SORT - >$180 10 <$308 - TIME ANALYSIS 


$LD ORCT ADCT FNCT CTDF LDDY FDUR FOF (0) FDF (F) ATDF LDDF ORIG COST 


265 (365 135 sag s«14370 Q 500 1.370 1.000 1.88 8.08 2,189,008 
5 0338 202 53214612 a 532 1.12 1.000 1.08 0.80 2,760,900 
235365 98 463 1.268 a 449 1.230 0.970 1.08 0.88 2,107,250 
225 «278 38 yes AL 197 505 1.878 1.648 B61 0.39 912,163 
215-278 107 317, «1.4398 a 377 1.3% 1.000 1.08 0.88 1,035,679 
205 2365 128 485 1.329 28 513 1.485 1.058 0.95 8.05 1,798,008 
195 400 135 535 1.338 Q 535 1.338 1.000 1.08 0.08 3,865,000 
195 480 44 524 1.092 Q 524 1.892 1.000 1.08 8.80 1,776,800 
195 455 96 ssi 1.21! a 55! 1.21! 1.000 1.00 0.00 1,498,008 
175 420 182 522 «1.243 9 531 1.264 1.017 0.98 0.02 1,467,405 
55395 272 bb7 «1.889 Q bb7 1,689 1.008 1.00 8.88 1,039,139 
1580278 57 ROT ete Q 327 1.211 1.008 1.08 8.80 783,928 
135. 365 14 379 1,038 a 379 1.038 1.000 1.00 8.00 1,407,008 
135-365 485 7702118 8 778 2.110 1.008 1.08 @.00 1,392,508 
15 385 19 304 1.052 Q 384 1.052 1.000 1.08 8.08 1,815,000 
415248 78 318 1,325 a 302 1.258 8.958 1.08 8.08 949,860 
195A 45 485 1.182 Q 485 1.182 1.008 1.08 8.00 794, 808 
188382 116 478 = 1,325 14 498 0.97 8.03 1,578,754 
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: b2 


228 


a3 


TABLE 18 


LIQUIDATED DAMAGES NUMERIC SORT - ¢ $108 - TIME ANALYSIS 


FNCT 
328 
445 
342 
388 
303 
202 
362 
309 
555 
282 
280 
240 
2b7 

74 
60 
44 


280 


LDDY 


—_— 
— 
Seen®eewer wea oe & sy 


—_ 
& ro 
ep Gy ci 


182 
11 


36 


FDUR 
328 
445 
342 
380 
303 
395 
376 
389 
315 
282 
403 
280 
267 
17 
156 

44 


388 


ol 


FDF(Q) 


=e ee wow 


FDF (F) 


LDDF 
8.08 
8.80 
8.88 
8.00 
8.80 
8.49 
8.84 
8.08 
8.88 
8.80 
Q.31 
Q.14 
8. 88 
8.98 
0.71 
0.08 


Q.14 


ORI6 COST 


727,880 
647, 203 
574, 008 
635,000 
740, 002 
614,092 
396,800 
393, 000 
410,908 
433,399 
482,569 
398, 26! 
199, 447 


1,487,000 
3,012,708 
1,407,000 





TABLES 19 AND 20 
The final and most interesting sorts of the contracts data 
base are those of the contracts which did and did not have 
liquidated damages assessed (Tables 19 and 20 respectively). A 
summary of the key cost and time factors for these two tables is 


listed below. 





eS Le GAiDE EDF ir PDE Oo) 
LD's assessed (13) ieee 4 2o 7 1.192 1.534 
No LD's assessed (35) 1.084 ee 2 O2976 oso 
All Contracts (48) 1.069 i361 O28 1.388 


The most striking point as shown in the summary is that the 
cost factor is much higher on the contracts with no liquidated 
damages assessed than on those that did have them assessed. 
Furthermore, the contract time delay factor is greater on the 
contracts with no liquidated damages. 

This indicates that contractors on the lower cost factor 
jobs possibly had less incentive to complete them on time, and 
were more likely to seek more income on other jobs. This is a 
Significant finding. Closer review of Table 19 will show that 
with a few exceptions most of the jobs with assessed liquidated 
damages assessed had relatively low liquidated damage rates, and 
thus besides the low cost factor which suggests low profit 
margin, the cost of delay to the contractor was minimal, and 


incentive to complete the job was low. 
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TABLE 19 
ALL CONTRACTS WITH LIQUIDATED DANAGES ASSESSED 


#  ORCT ADCT FNCT  LDDY FDUR  $LD TOT $LD ATDF LDDF «ORIG COST FNL COST CSTF 
ae 0iA2si‘i‘a 89 315 37,808 8.84 8.16 2,828, 008 2,858,737 1.01! 
19 95482 «12989 H0O7K@) Ss 3,892 147,608 0.94 0.06 5,247, 000 5,272,983 1.085 
27h Ss Q 68 AML «156 20 2,228 8.29 8.7! 3,012,700 3,028,041 1.085 
"| 0) RS RY, 1@ 747 405 4,050 8.99 28.01 3,676, 000 3,933,923 1.878 
ag 0i«428—s—ié‘iW?SsCiti«é* 9 531 175 1,575 8.98 8,82 1,467,405 1,479,339 1,008 
31240 0 86-248 40288 55 2,280 8.86 8.14 398,26! 398,261 1.008 
2 0345s 2 2313 205 5,748 8.95 8.85 1,798, 082 1,911,284 1.063 
18-278 1@ ©2800 «123 483 b5 7,995 8.69 8.31 482,569 490,076 1.016 
2 278 38 388 197 505 225 44,325 B61 8.39 912,163 902,014 8.989 
36 38—i(ititi«C8 14 376 65 18 0.96 8.04 396, 888 416,072 1.051 
30 192 486 22's—«i2Ds—“‘z#]:SSCOS 75 14,475 O51 8.49 b14, 892 621,281 1.012 
328 = 14 74 = 182—Sts«*178 25 2,550 @.42 8.58 1,407,000 1,417,589 1.008 
a@ 458 182 552 14 586 419 5,965 8.98 8.02 3,791,008 3,918,447 1.834 

307 97-395 aT 435 21,33! 
277, 306 26,022, 198 26, 639,967 

13 
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TPE ; 


en an ae 


HNGR «=so16 


INST a3 


LAB 82 


Se 


OFFC 18 


WHSE 33 


Average: 
Total: 
Count: 35 


ORCT 
48 
499 
348 


788 
438 
448 


365 
488 
212 
278 
028 
048 


638 
278 


408 
338 
128 
395 
248 
278 
369 
248 
278 
588 
369 


499 
369 
388 
368 
439 
388 
928 
288 


488 
388 


398 


TABLE 20 


ALL CONTRACT WITH NO LIGUIDATED DAMAGES ASSESSED 


ADCT 


a] 
274 
281 


112 


145 


FNCT 


FOUR 


930 


26/7 
66/7 
628 
377 
449 
382 
383 
342 
778 


do! 
384 
389 
388 
298 
328 
891 
S15 


979 


$LD 


19 


195 
265 

39 
Do 
792 
215 
239 
115 

73 

78 
135 


185 
115 


85 
S19 
99 
939 
65 


428 
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ORIG COST 


4,888, 000 
3,065, 466 
2,457,000 


4,623, 154 
4,731,929 
794,000 


2,189, 008 
1,776, 008 
827,777 
783,928 
4,894, 008 
5,219,822 


5,064, 644 
433,399 


3,865, 008 
2,768,908 
199, 447 
1,839, 139 
1,864, 000 
1,035,679 
2,187,250 
949, 860 
740, 000 
574, 000 
1,392, 500 


1,490, 008 
1,015, 000 
393,000 
635, 008 
2,935, 227 
727, 800 
4,453, 000 
412,900 


3,213,958 
667, 283 


FNL COST 


5, 082, 662 
3,350, 165 
2,930,457 


4,641,377 
4,773, 880 
840,021 


2,275,018 
1,825,906 
945,777 
748,704 
5,235, 684 
7,115,617 


5,432, 923 
436, 380 


4,669,575 
2,807,341 

213, 750 
1,111,586 
2,049,017 
1,024, 469 
2,146,579 
1,082,055 

746,981 

500, 960 
1,961,929 


1,537,241 
1,826,605 
401,087 
651,204 
2,991,078 
737,559 
4,778,153 
405, 052 


3,234,844 
679,971 
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THE CHANGE ORDERS DATA BASE 
TABLES 21 THROUGH 30 

The changes data base consists of 432 change orders which 
correspond with the contracts analyzed above. These changes with 
their corresponding contracts can be reviewed in Appendix B. The 
changes total $6,864,839 with contract #46 included, and 
$4,968,244 (390 change orders) without contract #46. The 
analysis has been accomplished, mostly not considering contract 
#46, Since its much higher change order rate and dollar volume 
significantly affects the outcome of the analysis. 

Tables 21 through 30 are summaries of the contract change 
orders by building type, similar to some of the contracts data 
base summaries. These tables show both summaries with and 
without the effect of contract #46. A summary of the data is 
listed below. Tables 21 and 22 follow the summary. Tables 23 
through 30, found in Appendix A, provide more extensive 


information on the changes as related to building type. 
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ORIG ADDL for OF 

BLDG TYPE COST Cost: CONTR CHNGS 
HNGR LO Lo. 2 6.4 8.2 
HSG ZigGo a0 LZ 6 Ti. 3 
INST(EX #46) 16.8 1621 AO 13.8 
LAB 5.8 TiS 4.3 a 6 
MODS eo. 3 39.8 2 SiS 23..65 
OFFC Wien te 9.8 Zor ws .5 
WHSE Or 2 S110 C):.76 8.8 





The above summary presents elements from both the contracts 
and changes data bases. It illustrates how per-cent original 
contract costs compare with per-cent additional change order 
costs for each respective building type. For example the 
aircraft hangar projects account for 11% of the original bid 
amounts, but a higher 19.2% of the change order amounts. 
Likewise, the modifications projects account for 19.3% of the 
original contracts but a very high 39.8% of change order costs. 
This summary shows where the most costly building types are in 
terms of additional cost. 

REASON CODES 

Reason codes are used throughout this analysis to identify a 
root cause for each change order. Change orders are often cited 
in terms of these reason codes. The reason codes and their 


corresponding causes are listed below. 


Root cause of change order Reason code 
Formal claims settlement CLMR 
Discretionary owner change CREQ 
Mandatory owner change CREEL 
Design error change DSGN 
Extra work change SCPE 
Time Extension TIME 
Differing Site / Unforeseen work UNFO 
Value Engineering change VALE 


In addition to reason codes, sub-reason codes have also been 
included in the data base to ascertain to a greater extent the 
cause of the change. For example an UNFO change may have a sub- 
reason of ASBESTOS or FOUNDATION. A DSGN change may have sub- 
reasons such as ELEC or INT ARCH. These sub-reason codes may 


assist the reader in further change cause identification. 
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Total: 
Count: 


INST 


Total: 
Count: 


LAB 


Total: 
Count: 


MODS 


Total: 
Count: 


OFFC 


Total: 
Count: 


WHSE 


TABLE 27 


952,818 


199,105 


2,698, 844 


371, 268 


1,977, 65! 


484, 282 


178,879 


6,864, 839 


TITHE 


12 


746 


1,117 


884 


2,069 


t 879 


382 
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CHANGE ORDERS SUNNARY BY BUILDING CONSTRUCTION TYPE 


CHE 


32 


44 


96 


22 


132 


72 


34 


432 





IT DGe 22 
CHANGE ORDERS BY BUILDING CONSTRUCTION TYPE (EXC!UDING 240) 


$ COST TINE CHES 


HN6R 


Total: 992,818 612 
Count: 32 


HS6 


Total: 199, 185 746 
Count: 44 


INST 


Total: 882,249 848 
Count: 94 


LAB 


Total: 371,268 884 
Count: 22 


‘ MODS 


Total: Neidio. 2,849 
Count: 132 


OFFC 


Total: 486,282 1,879 
Count: 72 


WHSE 


Total: 178,879 382 
Count: 34 
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TABLES 31 THROUGH 40 

These tables present a great deal of data by illustrating 
the changes by their respective reason codes (and by their sub- 
reason codes in some tables). Tables 31 and 32 are summaries of 
change orders by reason code. Tables 33 through 40 provide more 
detailed information and are found in Appendix A. These tables 
provide the reader with some idea of the frequency of occurrence 
of these changes and their costs in relation to other causes. A 
summary of the reason codes with corresponding percentages of 


cost, time, and frequencies of occurrence is listed below. 


REASON CODES CONTRIBUTION TO TIME AND COST (EXCLUDING #46 








oon GO % OF qOk 

REASON CODE COST TIME CHNGS CHNGS 
CLMR 9.1 ad 0.3 1 
CREQ 22.8 18.7 ee 50 
CRIT 6.3 5.4 5.4 21 
DSGN S66 Bes 40.3 157 
SCPE 0.0 oo 0.0 0 
TIME Cal 4ac 6.9 27 
UNFO Zonal 27.2 33.3 130 
VALE -0.2 0.0 0 4 
TOTALS 1OOn 0 100.0 OO. 0 390 


Og 





This is a most significant summary since it illustrates 
where the causes and costs of changes exist in this particular 
data set. Design error changes are significant. When added to 
mandatory and discretionary changes, the three reason codes 
account for 65.9% of additional cost, 57.4% of additional time, 
and 58.5% of the number of change orders. 

Inspection of Table 38 reveals that 33% of time only changes 
are attributable to the owner or 4.8% of total additional time. 
Therefore 62.2% of construction delay for this data set is 
directly attributable to the owner. The remaining delay is 
caused by differing site conditions, material delays and strikes, 
and resolution of one claim. Furthermore, the additional cost 


percentage is even greater. This is a significant finding. 


10 





MAJ REAS 


Total: 
Count: 


DSGN 


Total: 
Count: 


SCPE 


Total: 
Count: 


TIME 


Total: 
Count: 


UNF O 


Total: 
Count: 


VALE 


Total: 
Count: 


Total: 
Count: 


TABL 
SUMMARY OF CHANGES BY REASON 


COST 


1,174, 921 


1,281,668 


1,776,481 


139,468 


3,188 


1,613,566 


~15,574 


5 


71 


] 


TIME 


69 


1,224 


379 


2,191 


121 


939 


1,89 


ODE (COUNTS AND TOTALS) 


CHoE 


v2 


33 


176 


2] 


136 


432 





a eee TABLE 32 
SUMMARY OF CHANGE ORDERS (EXCLUDING #46) 


MAJ REAS COST TIME CHNG # 
CLR 

Total: 432,924 69 

Count: 1 
CREG 

Total: 1,138,416 1,224 

Cents 18 
CRIT 

Total: 318,941 393 

Count: 21 
DS6N 

Total: 1,838,458 ela 

Count: 157 
TIME 

Total: 3,188 935 

Count: 27 
UNFO 

Total: 1,248,187 1,788 

Count: 138 
VALE 

Total: -15,574 8 

Count: 4 

Total: 4,968,244 O,a02 

Count: 398 
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TABLES 41 THROUGH 46 (TIME AND NO TIME CHANGES 

These tables show the additional-time and the no- 
additional-time changes separately, sorted by reason codes and 
building types. Using the data base, (without contract #46), the 
results indicate that additional time changes account for 51.3% 
(200 of 390) of the changes and 73.5% of additional costs. The 
average contract time addition by each change order is 32.8 days. 
When all changes are considered, the average becomes 16.8 days. 

Average cost of each time-adding change is $18,244, and for 
each change not affecting time, $6,945. Distribution of the 
changes with and without additional time by reason codes and 
building types do not differ significantly from previous 


summaries. These tables are found in Appendix A. 
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TABLES 47 THROUGH 53 
These tables, (in Appendix A), depict the data base (without 
contract #46) sorted by the dollar value of the change orders. A 
table which summarizes the results follows. 


CHANGE ORDER VALUE CONTRIBUTION TO ADD'L TIME AND COST 
(excluding contract #46) 





% OF come % OF # OF 

DOLLAR RANGE cost TIME CHNGS CHNGS 
>$100K 40.9 BAS 2.6 10 
$75-100K 3.2 2a 0.5 2 
$50-75K eae Brae 2.6 10 
$25-50K US} 4 a 10.6 5.6 22 
< $25K Zone 56.9 Sian 7 346 
TOTALS OG 100.0 100.0 390 


This summary illustrates the relative low occurrence of 
changes exceeding $25,000 (11.3% of all changes), but the 
magnitude of the dollar volume these changes add to contract 
value (71.7% of additional costs). The lower dollar value change 
orders occur much more frequently, and account for the majority 
of additional time, but only 28.4% of additional costs. 

Tables 52 and 53 show all change orders exceeding $100,000 
and by reason code, for the full data base and for contract #46 
respectively. It is noteworthy that seven of the #46 changes 
exceeded $100,000 and in all, these seven changes totalled 
91,657,247. This the primary reason that it has been left out of 


much of the analysis. 
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TABLES 54 THROUGH 58 

These tables, (in Appendix A), are similar to those that 
sorted the changes by dollar value. These however, illustrate 
per-cent contributions to total additional time and cost, based 
on each change order time duration. The summary below excludes 
all changes from contract #46 and all changes which did not add 
contract time. 

CHANGE ORDER TIME %CONTRIBUTION TO ADD'L TIME AND COST 


(excluding contract #46 and cost only changes) 


%_OF %_OF %_OF # OF 

TIME RANGE COST TIME CHNGS CHNGS 
>100 DAYS See 47.3 ae ws 
75-100 DAYS 225 oe es Z 
50-74 DAYS ene oe 5.0 10 
25-49 DAYS 8.6 ES 27 14.0 28 
< 25 DAYS 33.8 18.4 70.0 140 
TOTALS 100.0 BOOM O00 200 


This summary adds some perspective to large additional time 
change orders which, as the summary illustrates, account for a 
Significant amount of dollar value, over half of additional time 
(56.6% for changes involving 75 or more days), and low relative 
frequency. 84% of the change orders granted much shorter time 


durations (1 to 49 days). 
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Observation of the above summaries and tables reveals that 
the most costly causes of change orders are design errors (DSGN), 
discretionary owner changes (CREQ), mandatory changes (CRIT), and 
differing site conditions / unforeseen work (UNFO). These four 
causes along with time only changes (TIME) significantly affect 
Sonstruction contract delay. 

The last two summaries below, depict the per-cent cost and 
time attributable to these more frequent causes, by corresponding 
building construction type. This enables the reader to discern 
the time and financial impact of each change order root cause 


with any of the particular building types studied. 


% DOLLAR VOLUME OF EACH CHANGE ROOT CAUSE BY BLDG TYPE 
(ALL CONTRACT CHANGES) 


EEG TYPE DSGN CREO CRIT UNFO 
HNGR 19.4 Zak 5.0 Aaa 
HSG 6.9 4.4 -0.9 2.9 
INST 26.1 13.3 0.3 11.0 
INST (#46) -3.1 opal 75.7 22 
LAB 8.0 15.8 0.0 2a 
MODS 36.8 ang eo 40.1 
OFFC Leo 16.2 -0.2 13.9 
WHSE ad 6.4 2.8 2.6 
TOTALS 100.0 100.0 100.0 100.0 
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The next summary table presents the same 
except percentage of additional time for each 
is listed by building type. Also included in 
root cause TIME for time only changes. 
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% ADD'L TIME FOR EACH CHANGE ROOT CAUSE 
(ALL CONTRACT CHANGES) 


BLDG TYPE DSGN CREQ CRIT 
HNGR eee 1.6 739 
HSG ieee! eles eno 
INST 16.5 ele 2.6 
INST (#46) 0.0 0.0 6.9 
LAB aA oer 0.0 
MODS ibs ees 48.1 76.3 
OFFC Siem 20.9 Ono 
WHSE ane 2.9 6.3 

TOTALS 100.0 100.0 100.0 


type of data, 
change root cause 


this summary is the 


Bro iGe wes 


UNFO TIME 
11.6 2.9 
1.0 38.0 
7.2 22.9 
5.8 0.0 
Oreo 0.6 
S252 294 
34.4 6.5 
6:25 0.0 
100.0 100.0 


These two tables mirror the earlier summaries in that the 


modification projects take the greatest share of additional time 


and money over the other building types. 


fitmi1s ev1caenc thac 


design improvements and greater owner restraint, in the 


modifications construction area alone, would save a significant 


amount of time and money on future construction projects of this 


type. 
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In summary, all of the above data base manipulations have 
revealed some interesting points concerning typical construction 
delays encountered and their corresponding costs. This section 


has clearly quantified the impacts of delay on real construction 


projects. 
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SECTION IV 
MANAGEMENT SOLUTIONS TO CONSTRUCTION DELAY 
GENERAL DISCUSSION 

This paper's first section discussed in detail the causes of 
construction delay. The second section focused on the costs of 
delay, and the third section discussed both causes and costs as 
related to recently completed construction contracts. 

When particular management problems have been determined, 
and their impacts quantified, solutions can achieved in an easier 
and more workable fashion. By Knowing where the most costly 
problem areas are, management solutions can be directed in 
priority fashion, resolving the greater magnitude problems first. 

This section discusses some possible solutions to 
construction delay, drawing on the earlier sections of this paper 
and some new material from available literature and field 


iicerviews. 


CONSTRUCTION DELAY IN GENERAL 

The first conclusion that is easily drawn from review of 
this subject is that none of the related parties benefit from 
delay. This is a "common thread" among the related parties and 
their widely different goals. This common thread should be 
exploited to the maximum possibility, and should provide the 
parties with some incentive to protect one another's interests, 
to coordinate, and to cooperate while accomplishing the 


construction project objectives. 
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The traditional adversary relationship between owners and 
contractors is counter-productive to the most effective 
accomplishment of construction. Owners must take the leadership 
role in changing this perceived relationship. It is an 
established fact that the owner who exhibits the laissez-faire 
management style during the construction life cycle, can 
certainly expect to assume control of the constructed facility at 
a later date than expected, and at a final cost over budget. 
Furthermore, this management style significantly contributes to 
projects plagued with formal claims. 

The knowledgeable owner "recognizes that he must be involved 
in his project, either through his own staff or by retaining a 
construction manager if he does not have the staff available" 
(O'Brien, 1976). 

As noted in both prior studies and the section III primary 
field study, 65 to 75 percent of all changes in cost and time are 
directly attributable to the owner or owner's agent. The roots 
of these changes are design errors, discretionary changes, and to 
some extent, unforeseen conditions and mandatory changes. 

Therefore a great deal of effort is needed, particularly 
during the project life cycle design and planning stages, when 
the owner's control of the outcome is at its peak. The planning 
stages are also the most opportune times to achieve project cost 
Savings. The rate of project cost savings opportunities steeply 
declines as the project cycle progresses to construction (Shah 


and Lammie, 1984). 
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PROJECT PLANNING AND DESIGN 

The project planning and design phases, like any first 
activities in a chain of events, significantly direct the 
construction life cycle path. Owners should focus heavily on 
this part of a project since most delays and additional costs can 
be traced to errors, omissions, or ambiguity in plans and 
specifications. The following paragraphs provide thoughts on 
improvement of this crucial part of the project life cycle. 

SO (Oe Gos) 

Site access delays are one of the owner-caused delays that 
lead to claims and costly changes. The owner's planning team 
should have this problem resolved before releasing the design and 
contract for bidding. This is sometimes not the case, and in 
Pay large volume projects with different prime contractors this 
Bemeaatficult to avoid. 

One effective method used by MARTA on its large projects, to 
Minimize contractor site access delay claims, was establishing 
time duration "windows" for site availability. Work areas were 
promised to contractors on a "not earlier than - not later than" 
basis, which was generally a 90 to 120 day period (Shah and 
Lammie, 1984). This greatly reduced the impact of right-of-way 
acquisition delays and other contractor delays, affecting follow- 
on contractors in the same work area. This was an innovative and 


effective management solution to an age-old construction problem. 
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CONSTRUCTABLEITY AND DESIGN QUALITY CONTROL 

Designs typically suffer from many problems including 
Bemoucguity, contradictions, poor constructability forethought, and 
incompleteness. This is often a function of hurried design 
schedules which result in disjointed and uncoordinated designs. 

Where possible, particularly in the private sector, designs 
can be enhanced tremendously by bringing in the contractor as 
part of the construction team during the design phase. 

The IBM Tower at Atlantic Center in Atlanta, Georgia is a 
perfect example of this practice and illustrates the positive 
effect that early project and construction team establishment and 
coordination can have on project performance. 

Henry C. Beck (HCB), the prime contractor on the IBM job, 
was brought into the planning phases of the project almost as the 
design began (Webb, 1987). This allowed construction methods to 
be worked out early during the planning phases which contributed 
to the project's visible success during a fast paced construction 
schedule on a very tight work site. 

In the public sector, constructability reviews by the 
contractor are usually not possible. Alternative solutions are 
pre-bid conferences before construction begins and sound quality 
Sontcrol during design. 

The owner's commitment to quality control requires "careful 
monitoring and internal discipline" which will not happen without 
intense effort (Lakamp, 1987). The cost of the added effort 


during the design phase is likely to be far less than the 


82 





filcamace cost of completing the design in the field" (Ibid). 
One recent Construction Industry Institute study on 
improvements in design constructability presented the following 
conclusions on how designs can be improved resulting in less 
delay and additional costs (O'Connor et al, 1987): 
Designs should be construction driven. This means the 
design is enhanced and more effective when it considers the 
construction schedule and materials procurement sequence. 
Designs should be simplified to the maximum extent possible. 
This includes specifying locally available materials in 
readily available sizes and configurations and minimization 
of construction task inter-dependencies. 
Designs should be standardized. This results in continuance 
of designs which are effective in the field and has the 
effect of not "re-inventing the wheel" on every new design. 
Designs should encourage maximum_use of pre-assembly. Off- 
site work lessens the crowding effect on work sites and 
speeds on-site construction activity. This enables 
contractors to take maximum advantage of productive time 
available on the work site. 
Designs should be site specific. This means the 
accessibility, geography, and size of the site should be 
considered during design decisions. Also the type of 
facility being constructed and its interface with the work 


Site factors should also be considered. 
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Designs should consider adverse weather. The owner and 
owner's agents should consider the climate of the local area 
when establishing durations and types of work to be 
accomplished to achieve project milestones. 

Specifications should be tailored to each respective 
project. The use of "boiler plate" specifications 
contributes significantly to contradictions in plans and 
general paragraphs of contracts. An added effort in 
specifications writing is money saved in negotiated 


settlements and claims. 


Two principles that are noted in this study which 
specifically address some of the problems discussed in earlier 
sections include the following thoughts. Decision making policy 
in construction should utilize a "bottom-up approach" and should 
always involve the "doers". Furthermore, managers should 
recognize that engineering problems "are often addressed in 
parts". Management must take the extra step of integrating those 
parts into a holistic solution (O'Connor et al, 1987). 

Another concept in improving design is to ensure that the 
only exculpatory clauses used in the contract are specifically 
written to the actual project conditions. "Blanket" exculpatory 
disclaimers do not generally protect the owner from liability 
during litigation and are counterproductive since they increase 
tensions at the working level between the related parties 


(Lakamp, 1987). 
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Specifications should be clear on change order procedures, 
and should provide criteria for approval and rejection of "or 
equal" submittals. Furthermore, a realistic submittals and shop 
drawings sequence and procedure should be established in the 
specifications so that critical procurement items are not delayed 
due to misunderstandings of the working parties (Kagan, 1985). 

In summary, project designs are the source of most 
construction delay and project cost over-runs. A concerted 
effort is necessary by owners to improve this phase of the 
construction life cycle. These efforts certainly will save both 
time and money and will result in an improved "team" approach 
between the related parties, resulting in avoidance of costly 


Penstruction claims. 


MANAGEMENT DURING THE CONSTRUCTION PHASE 

For management to be effective in the field, during the 
construction phase, it must be active. The following paragraphs 
focus on management practice during the construction phase. 

COMMUNICATION AND LEADERSHIP 

Clearly the most important factors contributing to effective 
management of construction projects are the communication and 
leadership skills of the related parties. The owner must clearly 
communicate his/her intentions, and the contractor must quickly 
communicate any problems encountered to the owner so that these 


problems can be resolved. 
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A great deal can be written on this subject, but in essence, 
if any of the related parties employ management personnel who are 
poor communicators with others, they generally increase their 
risk of claims, management delays, and litigation. 

The ability of those involved in construction management to 
"communicate, coordinate, and integrate" is paramount to the 
successful outcome of a project (Shah, 1987). Communication has 
been discussed. Coordination is the ability to work with various 
parties simultaneously and to direct the successful outcome of an 
activity. Integration is the ability to plan ahead and know what 
activities follow the current activity so that follow-on 
activities commence without delay. This essentially is the 
foundation of construction planning. 

In addition to the abilities to communicate orally and to 
direct work, the related parties must document their actions. 
Written communication skills are also essential qualities of 
construction management personnel. 

Both parties should document the job as it progresses, so 
that if disputes arise, they can be settled with the evidence in 
hand, and so that facts are not forgotten or misconstrued. The 
contractor should quickly communicate with the owner concerning 
delays encountered, so that problems can be resolved in timely 
fashion. The owner also must respond in an expeditious manner. 

All of the communication and leadership skills discussed 
above contribute immensely to the success or failure of projects. 


All related parties should staff their construction management 
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teams with quality people that have the ability to work with 
others. 
CONSTRUCTION PLANNING 

Cost estimating and effective planning are also foremost of 
the factors which "make or break" the success of construction in 
the field. Contractors should have planners and estimators on 
their staffs, with field experience. Just as designs must be 
constructable, so should construction work plans. The most 
successful contractors have a very high quality personnel in the 
positions of planning and estimating. 

EM addition, sound monitoring of projects from the office 
and in the field is most important. Contractors and owners alike 
should have in place some monitoring system which tracks project 
milestones and provides management with the data required to 
assess progress and make decisions. The most successful project 
teams have effective decision support systems and cost accounting 
systems in place, which can quickly point out the strengths and 
weaknesses of project development. 'Management by exception' is 
enhanced by such systems. 

One such information gathering system which is easy and 
inexpensive to implement is the Foreman-Delay Survey (Tucker et 
al, 1982). This monitoring system has been used successfully by 
Some contractors to determine the amount of time their work 
forces are delayed on site, and for what reasons. Results are 
tabulated and provide management with quantitative data as to the 


impact of these delays (in terms of lost man-hours). Management 
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can then seek out the problem source to eliminate the waste of 
labor. One test of the FDS system on a group of construction 
sites concluded that productivity performance factors were 
improved and the cost of implementing the FDS was minimal, thus 
the program saved the contractor a great deal of time and money. 

The use of some form of scheduling which shows inter- 
dependencies of work tasks is essential to sound project 
Management. This is particularly true in the case of complex 
projects or heavy construction. 

CPM has proven to be an effective construction management 
tool. Often, it is used more as a legal document in claims 
proceedings, than as an on-site management tool. On projects 
which involve multiple contractors on the same site, the owner 
should maintain an “overall project" CPM to account for delay 
impacts of each of the respective contracts on the others. 

The contractor and owner should both use the CPM as a tool 
to discuss the project as it progresses. Both parties should use 
the "as-planned" CPM to plan and schedule work, and as changes 
come about the schedule should be updated and upon work 
completion the schedule will have transformed into the "as-built" 
CPM (O'Brien, 1984). 

These two schedules can be used effectively to settle 
negotiations and changes. The CPM schedule and other schedules 


like it, are management tools which the industry should exploit. 
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PROBLEM SOLVING 

Immediate resolution of problems or the "settle as you go" 
approach will go a long way towards claims avoidance and less 
costly projects (Shah, 1987). Other studies cited earlier in the 
paper have also substantiated the cost effectiveness of this 
management policy. 

The owner's on-site representative must be given ample 
authority to act and make decisions on-site. Often claims are a 
function of the owner's on-site staff either not being staffed to 
handle submittals approvals, or not having authority to make 
field decisions. Such deficiencies lead to delay and claims. 

The owner's on-site representative must deal even handedly 
with the contractor. It should be emphasized to field staff that 
their job is to "facilitate completion of the project in general 
conformance with the intent of design" and not to enforce the 
construction project (Lakamp, 1987). This attitude enhances the 
team approach and helps the related parties focus on commonality 
Of purpose. 

All of the above thoughts on improved management techniques 
are, in essence, techniques to avoid formal claims proceedings 
which are costly and lengthy. Claims mitigation is another 
subject altogether and is not within the scope of this paper. 

When managing disputes and unforeseen conditions, 
management's goal should be to equitably allocate risks and 
Minimize the cost and schedule impacts on the overall project 


(Thomas et al, 1987). 
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Besides better site condition descriptions as a management 
action to avoid disputes, a proven policy in minimizing disputes 
costs, particularly in the case of unforeseen conditions, is 
prompt resolution of such problems (Ibid). 

The management practice at the field level is the most 
critical determinant of change and dispute costs. It is 
noteworthy that in cases which have been litigated, courts 
generally have looked at how unforeseen conditions have been 
managed by the related parties, rather than at the disclaimers of 
ieapbility in the contract. 

In summary, the management practice on-site, carries much 
more weight in formal proceedings, than does contract language. 
Construction managers who remember this will be more successful 
in avoiding construction delay and budget over-runs, and in 


achieving their goals and objectives. 
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SECTION V 


CONCLUSIONS AND THOUGHTS FOR FUTURE RESEARCH 


BioCUSSION AND CONCLUSIONS 

This study has discussed the many causes of construction 
delay. It has also quantified the time and financial costs of 
delay, based on prior studies, and within the limits of the data 
base presented in Section III. The specific results of the study 
cannot be generalized to the entire construction industry. 
However, the principles discussed can definitely be applied to 
improve overall management of delay. 

THbo Lae bao oLUDY = SECTION Iil 

The contract time and final duration delay factors discussed 
are most revealing. The results indicate nae an originally 
scheduled year-long project, after change orders and delays, 
takes an additional 4.5 months to complete. 

Also, owners who try to solve delay problems with high 
liquidated damages are generally delayed even longer. Results 
indicate that higher valued contracts (over $3 million), with 
higher liquidated damage rates, are delayed an average of 5.5 
months on a year-long project. 

Furthermore, there is a large gap between the cost 
escalation factors of those projects that have liquidated damages 
assessed, and those that do not. The explanations for this 


Finding is a place for future research. 
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The changes data base is helpful in determining the building 
types which are most prone to cost increase and delay. 
Modifications projects are the most costly and delay-prone 
building type. This is actually no surprise. 

The reason code analysis provides a great deal of 
information on the change order causes and their corresponding 
costs and delays. 

The data base study shows the ease with which management can 
quantify the causes and costs of delay. In summary, this 
exercise has illustrated the use of a decision support system 
(DSS). It has sorted data into the required forms to answer 
specific questions with quantitative data. A DSS such as this 
adds a dimension to problem solving and can be used by management 
to better direct efforts toward improving its activities' 
effectiveness. 

Clank. of C1 LONS 

The literary sections of the paper and the data base study 
in Section III are complimentary. Both point to the fact that 
the majority of construction delay problems are owner caused. 

The owner is responsible for approximately 70% of additional 
contract costs and delays. Differing site and unforeseen 
conditions account for most of the remainder of these factors. 
One can argue that many differing site conditions problems are 
also an owner responsibility. This would result in closer to 85% 


of delay responsibility resting with the owner. 
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Owners must seize the initiative to correct these 
Emietcant and costly problems. The many costs of delay are 
ample incentive. As owners take the first step, so will 
contractors also take steps to improve their construction 
management practice. 

In summary, construction delay, to some degree, is 
inevitable. The management approach which seeks to eradicate all 
delay will fail, and will not be cost effective. Every day 
wasted in over-planning contributes the same amount to cost 
escalation and schedule delay as difficulties encountered during 
construction. 

A prudent, balanced management approach which seeks improved 
design constructability and improved coordination and integration 
Memconstruction activities, will go far in improving the current 
state of the industry. 

Most construction delays result from flaws in the pre- 
construction planning process. Elimination of just half of these 
flaws will have enormous impact, significantly reducing cost and 
time over-runs. The planning phase of the construction life 
cycle is the area where most delays can be eliminated and where 


the greatest amount of construction delay costs can be avoided. 
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FUTURE RESEARCH 


Most of the construction delay studies to date come from the 
many sections of the industry which are publicly funded. The 
most fruitful possibilities for future research, would be studies 


that explore the private sector's performance in construction 


delay management. 
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FIELD DATA RESULTS 
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(see Section IIT) 
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9,872, 132 


FDF (0) 


CSTF 


$LD 


WD 
139 
428 
419 

99 


FDF(F) 


ATDF 
8.51 
1.88 
1.88 
8.98 
1. 88 


LDDF 


6.49 
8.86 
8.88 
6.82 
8. 88 


HANGAR CONSTRUCTION CHANGE ORDERS BY REASON CODE 


HAJ REAS 


TABLE 23 


COST 


452,524 


24,881 


63,655 


345, 161 


66,597 


SoQOoSe SSeS Saas = 


TIME 


20 


246 


2] 


228 


eSeeeae 


CHES 


13 


32 





HAJ REAS 


TABLE 24 
HOUSING CHANGE ORDERS BY REASON CODE 


COST 


“11,805 


123, 167 


696 


46,754 


“14,317 


TIRE 


145 


228 


399 


CHOE 


13 


44 





TREBLE 25 
INSTRUCTIONAL BUILDING CHANGE ORDERS BY REASON CODE (EX. #44) 


MAJ REAS COST TIE CHE3 
CREQ 

Total: 134,792 138 

Count: b 
CRIT 

Total: oy a7 18 

Count: 3 
DSEN 

Total: 443,982 341 

Count: 27 
TIME 

Total: a 214 

Count: § 
UNFO 

Total: 177,878 137 

Count: {2 

Total 882,249 Bbe 


Count: 54 











TABLE 26 
CONTRACT #44 CHANGE ORDERS BY REASON CODE (INSTRUCTIONAL BLDS) 


MAJ REAS COST TIME CHNG # 
CLAR 

Total: 438, 489 8 

Count: 2 
CRE@ 

Total: 36,909 g 

Count: 2 
CRIT 

Total: 978,727 26 

Count: iz 
DS6N 

Total: ~94, 249 ’ 

Count: 19 
SCPE 

Total: 139,448 121 

Count: 1 
UNFO 

Total: 369,499 118 

Count: b 

Total: 1,896,595 25] 





WRBIE 27 
LABORATORY CONSTRUCTION CHANGE ORDERS BY REASON CODE 


MAJ REAS COST TIME CHEE 
CREQ 

Total: 185,354 4] 

Count: 3 
DS6N 

Total: 142,306 791 

Count: 14 
TIME 

Total: 8 6 

Count: 1 
UNFO 

Total: 43,608 b 

Count: 4 

Total 371,268 884 


Count: 22 





TABLE 28 
MODIFICATION PROJECTS CHANGE ORDERS BY REASON CODE 


MAJ REAS COST TIME CHS4 
CRE@ 

Total: 454,396 989 

Count: 12 
CRIT 

Total: 221,208 289 

Count: b 
DSSN 

Total: 634,443 292 

Count: 94 
TIME 

Total: 9 272 

Count: 7 
UNFO 

Total: 647,684 627 

Count: 33 

Total: L977 eos 2,849 


Count: 132 


22a 2s Bee eS ee we ee = So Ce ee =——_ eo 








TABLE 29 
OFFICE CONSTRUCTION CHANGE ORDERS BY REASON CODE 


MAJ REAS COST TIME CHot 
CREQ 

Total: 190,153 206 

Count: 19 
CRIT 

Total: =z 8 

Count: S 
DS6N 

Total: 74,379 112 

Count: ue 
TIME 

Total: 2,484 é1 

Count: 3 
UNFO 

Total: 224,838 658 

Count: 23 
VALE 

Total: -2, 941 8 

Count: 2 


Count: 72 


See Seaee eee SO eS See ae = See waa ae aaa am 





MAJ REAS 


TABLE 30 


36, 109 


27,212 


41,644 


-1,314 


178, 879 


39 


24 


281 


122 


WAREHOUSE CONSTRUCTION CHANGE ORDERS BY REASON CODE 


CHEE 


13 


34 





FORMAL CLAINS CHANGE ORDERS 


SUB REAS COST 

ACCELERATION 432,924 
Total: 432,924 
Count: 

DEL/IMP (86,18, 28) 387 , 888 
Total: 587,888 
Count: 

STRUCT ELEC 31,685 


Total: 31, 685 


TAD iEesS 


LADCOST TIME 


8.956 69 


69 


8.284 8 


8.827 8 


69 


ZADTIE 


CONTR # 


46 


46 


CHNG 4 


49 


46 





SUB REAS 


Se SS See = 


CARPET 


CEILING 


ELEC 


EQUIP 


FENCING 


eo Se 


Total: 
Count: 


Total: 
Count: 


Total: 
Count: 


Total: 
Count: 


Total: 
Count: 


FINISH EXT 


Total: 
Count: 


FINISH INT 


FLOORING 


FP SYS 


HVAC 


INT ARCH 


Total: 
Count: 


Total: 
Count: 


Total: 
Count: 


Total: 
Count: 


Total: 
Count: 


TABLE 34 
DISCRETIONARY / OWNER REQUESTED CHANGE ORDERS 


COST 


aSeSe eae = = 


-b92 


45, 282 


27, 258 


-9, 183 


28,310 


-4,338 


b, 238 


6, 008 


737, 428 


TIME 


118 


188 


38 


09 


05 


CHNG # 





TABLE 34 (cont) 


DISCRETIONARY / OWNER REQUESTED CHANGE ORDERS 


SUB REAS COST 


LANDSCAPE 


LIGHTING 


LIGHTING 


PAVING 


ROOFING 


SCHEDULE 


UTIL GEN 


WINDOWS 


Total: 11, 148 
Count: 


Total: 4714 
Count: 


EXT 


Total: 64,943 
Count: 


Total: 73,281 
Count: 


Total: 19,984 
Count: 


REV 


Total: 127,333 
Count: 


Total: J,019 
Count: 


Total: Zo, 121 


TIME 


21 


183 


115 


CHNG # 


=o ee eee ee 





SUB REAS 

CEILING 

Total: 

Count: 
DOORS 

Total: 

Count: 
EARTHWORK 

Total: 

Count: 
ELEC 

Total: 

Count: 
ELEC HVAC 

Total: 

Count: 
FENCING 

Total: 

Count: 
FINISH INT 

Total: 

Count: 
FIRE ALARM 

Total: 

Count: 
FP SYS 

Total: 

Count: 
HV ELEC 

Total: 

Count: 
HVAC 

Total: 


Count: 


Wines 
MANDATORY CHANGE ORDERS 


COST 


4,281 


292,690 


27,020 


564,309 


2,373 


239 


~1,556 


7,008 


- 388 


190, 000 


TINE 


Le 


188 


CHNG # 





SUB REAS 


INT ARCH 


Total: 
Count: 


LIGHTING 


Total: 
Count: 


LIGHTING EXT 


Total: 
Count: 


STORM SEWER 


Total: 
Count: 


STRUCT 


Total: 
Count: 


UTIL GEN 


Total: 
Count: 


UTIL UG 


TABLE 35 (cont) 
MANDATORY CHANGE ORDERS 


COST 


129,536 


15,199 


27,000 


17,568 


3,592 


10,322 


3,969 


TINE CHNG # 
56 
4 
94 
1 
8 
! 
Q 
1 
b 
! 
a 
2 
8 
1 
379 
33 





TABLE 36 
DESIGN ERRORS CHANGE ORDERS 


SUB REAS COST TIME 

ASBESTOS 
Total: Linzi 8 
Count: 

CARP 
Totals 94,954 AS 
Count: 

CEILING 
Total: ees 1 
Count: 

CONCRETE 
Total: 9,119 8 
Count: 

DOORS 
Total: 35, 7084 18 
Count: 

EARTHWORK 
Total: 97,885 38 
Count: 

ELEC 
Total: 98, 766 At 
Count: 

EQUIP 
Total: 225,915 1} 
Count: 

FINISH EXT 
Totals 4,958 9 
Count: 

FINISH INT 
Total: 92,898 46 
Count: 

FLOORING 
Total: 19, 888 a 


Count: 


CHN6G # 


21 





TABLE 36 (cont) 


DESIGN ERRORS CHANGE ORDERS 


SUB REAS 
FOUNDATION 
Total: 
Count: 
FP SYS 
Total: 
Count: 


HANGAR DOORS 


Total: 
Count: 


HAUL ROUTE 


Total: 
Count: 


HV ELEC 


Total: 
Count: 


HVAC 


Total: 
Count: 


INT ARCH 


Total: 
Count: 


LANDSCAPE 


Total: 
Count: 


LIGHTING 


Total: 
Count: 


PAVING 


Total: 
Count: 


ROOFING 


Total: 
Count: 


COST 


136,977 


11, 208 


17,315 


25,275 


73,126 


582,478 


6,788 


3,914 


11,583 


121,958 


TINE 


4] 


46 


48 


79 


619 


12 


86 


617 


CHNG # 


18 


24 





SUB REAS 


SITE ACCESS 


Total: 
Count: 


STORM SEWER 


Total: 
Count: 


STRUCT 


Total: 
Count: 


TELEPHONE 


Total: 
Count: 


UTIL GAS 


Total: 
Count: 


UTIL GEN 


Total: 
Count: 


UTIL HW 


Total: 
Count: 


UTIL U6 


Total: 
Count: 


WINDOWS 


Total: 
Count: 


Eine; 50 (CON ) 
DESIGN ERRORS CHANGE ORDERS 


COST 


9, 241 


79,776 


2,784 


-2,252 


95,511 


14,857 


8,399 


7,878 


TIME CHNG # 
7 
! 
259 
3 
87 
8 
3 
! 
! 
! 
42 
14 
Q 
2 
5 
3 
Q 
2 
2,191 





TABLE 37 
EXTRA WORK CHANGE ORDERS 


SUB REAS COST ZADCOST TIME ZADTIME CONTR # CHNG # 
ADD ARCH SCOPE 139, 48 8.874 121 B.47! 46 18 
Total: 139, 468 121 
Count: l 
Total: 139, 448 121 





SUB REAS 


ELEC SYS DELAY 


Total: 
Count: 


BDEL SITE 


Total: 
Count: 


BDEL SUBN 


Total: 
Count: 


MATL DEL 


Total: 
Count: 


MATL STRIKE 


Total: 
Count: 


WEATHER 


Total: 
Count: 


COST 


2,484 
696 


3, 188 


TABLE 38 
TINE ONLY CHANGE ORDERS 


ZADCOST TIME 
8.888 78 
78 

~8. 245 12 
8.816 7 
8.888 28 
8.888 38 
47 

8. B28 49 
8. B88 18 
2. B82 18 
8. B88 37 
8. B82 oS 
8.888 38 
147 

8. B82 34 
8.888 138 
8. 828 33 
8.880 7 
8. 888 35 
239 

8.888 53 
53 

8. B82 21 
8.888 53 
8. BBG 17 
8.888 79 
2.882 4é 
8.888 11 
8.888 b 
8.888 17 
8. 882 4} 
8.882 ny 
ao) 


AADTIME 


8.386 


8.263 
8.843 
8.187 
8.189 


8. 289 
8.834 
B.161 
8.252 
8.923 
8.233 


8.318 
8.996 
8.579 
8.843 
8.313 


B.495 


8.758 
1, 888 
B. B42 
8.341 
B. 431 
B. 188 
8. 588 
8.142 
8.129 
B.444 


CONTR # 


22 
89 
26 
4] 


i 
48 
89 
Mi 


19 


26 


CHNG # 


G1 


B4 
B4 


Q7 
Q2 
04 
B4 
Bd 
BS 


Bi 


18 








Abia oo wCeOnt) 
TIME ONLY CHANGE ORDERS 


SUB REAS COST ZADCOST TIME LADTIME CONTR CHNG # 
Total: 3, 188 186: 


Count: Li 


TABLE 39 
UNFORESEEN WORK / DIFFERING SITE CONDITIONS CHANGE ORDERS 


SUB REAS COST TIME CHNG # 

ASBESTOS 

Total: 146,821 269 

Count: 3 
CARP 

Total: 7,789 8 

Count: 3 
CEILING 

Total: 18,853 7 

Count: 2 
CONCRETE 

Total: 3,459 Ag 

Count: 4 


DEL/IMP (@6) 


Total: 113, 800 a 

Count: 1 
DEMO 

Total: 85,425 98 

Count: 12 
DOORS 

Total: 671 8 

Count: 
EARTHWORK 

Total: 64,179 18 

Count: 7 
ELEC 

Total: 189,214 39 

Count: 16 
FENCING 

Total: cia 8 

Count: 1 
FINISH EXT 

Total: 7,488 17 


Count: 3 





TABLE 39 (cont) 
UNFORESEEN WORK / DIFFERING SITE CONDITIONS CHANGE ORDERS 


SUB REAS COST TINE CHNG # 

FINISH INT 

Total: 27,887 22 

Count: a 
FLOMRING 

Total: 2,924 9 

Count: 1 
FOUNDATION 

Total: So7 pat 241 

Count: 11 
FP SYS 

Total: 913 3 

Count: 3 
BDEL UTIL 

Total: 2,964 8 

Count: 1! 
HY ELEC 

Total: 11,134 4] 

Count: 5 
HVAC 

Total: 61,713 278 

Count: 18 
INT ARCH 

Total: 186,679 394 

Count: 6 
LANDSCAPE 

Total: 1,621 3 

Count: 2 
PAVING 

Total: 25,781 13 

Count: 2 
ROOFING 

Total: 3,818 3 


Count: ie 





TABLE 39° Ceont ) 
UNFORESEEN WORK / DIFFERING SITE CONDITIONS CHANGE ORDERS 


SUB REAS COST Tite CHNG # 


STAIRS 


Total: 09,244 Q 
Count: | 


STORM SEWER 


Total: 16,821 16 

Count: 3 
STRUCT 

Total: 9,838 9 

Count: 1 
UTIL GAS 

Total: 17,258 16 

Count: 1 
UTIL GEN 

Total: 13,615 36 

Count: 18 
UTIL HW 

Total: 21,778 12 

Count: 2 
UTIL U6 

Total: 78,817 239 

Count: 14 
WAGE INC 

Total: 3,394 8 

Count: 1 


WEATHER DAMAGE 


Total: 73,268 88 

Count: 3 
WINDOWS 

Total: 3,070 2 


Count: 2 





TABLE 39 (cont) 
UNFORESEEN WORK / DIFFERING SITE CONDITIONS CHANGE ORDERS 


SUB REAS COST TIME CHNG # 


ee ee es ee BSeeaee2aniz2= = a ee ee 


Total: 1,613,966 1,898 
Count: 136 





SUB REAS 


PAVING 


Total: 
Count: 


ROOFING 


Total: 
Count: 


STRUCT 


Total: 
Count: 


COST 


“1,316 


-1,316 


“11,317 


“11,317 


-1,867 


“1,967 


TABLE 40 
VALUE ENGINEERING CHANGE ORDERS 


YADCOST TIME 


8.819 8 


8.124 a 


-8.264 a 


8.319 a 


YADTIME 


8.878 


8.888 


CONTR # 


32 


89 


47 


CHNG # 


a1 


a4 


B2 





MAJ REAS 


TABLE 41 


COST 


452,524 


1,030,443 


307,864 


1,051, 22! 


3,188 


804,127 


aah => a a a ae > ae ae ae 


ADDITIONAL TIME CHANGE ORDERS BY REASON CODE 


TIME 


69 


393 


2,191 


939 


1,780 


(EXCLUDING #46) 


32 


b2 


Zi 


69 





TABLE 42 


ADDITIONAL TIME CHANGE ORDERS BY BUILDING TYPE (EXCLUDING #46) 
} COST TINE CHES 


HN&R 


Total: 846,787 612 
Count: vi 


HS6 


Total: 146,516 746 
Count: Ze 


INST 


Total: 936, 437 868 
Count: 4 


Total: 299, 788 804 


Total: 1, 199 Sa2 2,869 
Count: ie 


Total: 459,691 1,879 
Count: 39 


Total: 168,548 382 
Count: 28 


Count: 288 








HAJ REAS 


DS6N 


Total: 
Count: 


UNFO 


Total: 
Count: 


VALE 


TABLE 43 


COST 


187,753 


3,877 


779,429 


443, 980 


-15,574 


TIME 


> Seas 


NO ADDITIONAL TIME CHANGE ORDERS BY REASON CODE (EXCLUDING #46) 


CHNG # 


aS 


61 





TABLE 44 
NO ADDITIONAL TIME CHANGES BY BUILDING TYPE (EXCLUDING #46) 
j COST TIME CHEE 


HNGR 


Total: 186,83! 8 
Count: 15 


HS6 


Total: 32,989 B 
Count: yah 


INST 


Total: 265,812 a 
Count: 38 


LAB 


Total: 71,472 8 
Count: 16 


MODS 


Total: 778,639 5 
Count: 68 


OFFC 


Total: 26,591 @ 
Count: 33 


WHSE 


Total: 18,331 Q 
Count: 14 


Total: 1,319, 465 8 
Count: 198 





HAJ REAS 


DS6N 


Total: 
Count: 


SCPE 


Total: 
Count: 


TIME 


Total: 
Count: 


UNFO 


TABLE 45 
CHANGE ORDERS INVOLVING A9DITIONAL TIME 


COST 


452,524 


1,038,443 


337,434 


1,051,271 


139, 448 


3,188 


1,889, 128 


TIME 


49 


1,224 


379 


2,191 


121 


939 


1,898 


CHNG # 


32 


b2 


2] 


78 








TABLE 46 
CHANGE ORDERS INVOLVING NO ADDITIONAL TIME 


MAJ REAS COST TIME CHNG # 
CLMR 

Total: 438,685 8 

Count: Z 
CRE@ 

Total: 144,258 8 

Count: 28 
CRIT 

Total: 944,834 8 

Count: 23 
DS6N 

Total: 725,188 8 

Count: 114 
UNFO 

Total: 604, 438 8 

Count: 66 
VALE 

Total: -15,574 8 

Count: 4 

Total: 2,841,821 g 


Count: 229 





TABLE 47 


CHANGE ORDERS >$100,008 BY BUILDING TYPE (EX. #46) 


f 


HNGR 


INST 


LAB 


MODS 


OFFC 


MAJ REAS 


Total: 
Count: 


DSGN 


Total: 
Count: 


CRE@ 
DSEN 


Total: 
Count: 


CRE@ 
CRIT 
DSEN 


Total: 
Count: 


CREQ 
UNFO 


Total: 
Count: 


Total: 
Count: 


COST 


452,524 
159, 131 


611,655 


275,880 
275, 088 
111,833 
108,008 
219, 833 
288, 482 
190, 808 
214,151 
692,633 
110,002 
125, 000 


235,080 


TIME 


274 


274 


21 


81 


022 


188 
188 


368 


19 


201 


278 


CHGS 


Q7 
B6 


2 


89 
28 


16 
19 
12 


16 
17 








TABLE 48 
CHANGE ORDERS BIWN $75K AND $18@K BY BUILDING TYPE 


} MAd REAS COST TIME CHE 
INST CREQ 78,133 115 al 
Total: 78,133 115 
Count: | 
MODS UNFO 77,128 68 24 
Total: 77,128 6B 
Count: | 
Total (Sa, ca8 175 





TABLE 49 


CHANGE ORDERS BIWN $58K AND $75K BY BUILDING TYPE 


HNGR 


HS6 


INST 


LAB 


MODS 


WHSE 


MAJ REAS 


DSEN 


Total: 
Count: 


UNFO 


Total: 
Count: 


CRE@ 


Total: 
Count: 


CRE@ 
UNF O 


COST 


111,943 


58, 683 


58, 683 


67,358 


67, 358 


74,521 
74,521 
59,985 
58,777 
59, 244 
68, 088 


238, 884 


64,543 


64,543 


614,974 


TIME 


4) 


4) 


68 


68 


28 


28 


183 


4) 


148 


21 


21 


CHoE 


18 
88 


81 


82 





TABLE 50 
CHANGE ORDERS BIWN $25K AND $5@K BY BUILDING TYPE 


} MAJ REAS COST TIME CHE 
HN6R DSEN 31,189 7 89 
UNFO 26,731 21 84 
Total: 97,848 28 
Count: 2 
INST CREQ 49,208 a 87 
49,998 21 a8 
DSEN 38,773 g Q4 
45,857 Q Bb 
UNFO 31,487 28 14 
Total: 286, 587 hj 
Count: 5 
LAB UNFO 34,658 Q ai 
Total: 34,658 Q 
Count: 1 
MODS CREG 27,258 188 a8 
DS6N 26,852 g 87 
39,084 a a8 
49,133 Q 13 
27,988 a 25 
33, 136 38 82 
Soed7s 18 a4 
26, 427 14 @6 
UNFO 27,734 Q 18 
49,615 g 15 
28, 582 258 Li 
27,819 24 a1 
Total: 383, 223 524 
Count: 12 
OFFC CREQ 43,287 98 a3 
Total: 43,287 90 
Count: j 
WHSE CRIT 25,056 14 a9 
Total: 20,000 14 
Count 1 
Total 731,425 697 


Count: ee 


Se e222 222 2 @ eee = a oe oe oe aewae 


CHANGE ORDERS LESS THAN $25,888 BY BUILDING TYPE 


$ 


HNBR 


Total: 
Count: 


HS6 


Total: 
Count: 


INST 


Total: 
Count: 


LAB 


Total: 
Count: 


HODS 


Total: 
Count: 


OFFC 


Total: 
Count: 


WHSE 


TABLE 51 


CesT 


171,380 


140,502 


175, 251 


42,256 


584, 649 


288, 075 


88, 338 


TIME 


533 


781 


378 


262 


977 


719 


347 


CHEF 


26 


43 


hb 


112 


69 


32 


346 





\J REAS 


eaves @ 


AR 


Average: 
Total: 
Count: 


‘EQ 


Average: 
Total: 
Count: 


Average: 
Total: 
Count: 


6N 


Average: 
Total: 
Count: 


Of 


Average: 
Total: 
Counts 


U0 


Average: 
Total: 
Count: 


Average: 
» Total: 
Count: 


COST 


452,524 
387, 080 


839,524 


288, 482 
111,833 
118, 808 


510,315 


564,389 
190, 282 
138, 427 
118,042 


1,002,778 


275, 008 
214,151 
159,131 
188, 000 


756, 282 


139, 448 


139, 448 


205, 00! 
125, 000 
113, 802 


443,001 


3,691,368 


ZADCOST 


9.587 
8.384 
8.338 


8.383 


8.298 
8.334 
8.859 
8.862 


8.191 


1.864 
8.266 
8.999 
8.293 


8.546 


8.874 


8.874 


8.188 
8.554 
8.868 


8.184 


TABLE 52 


CHANGE ORDERS EXCEEDING $188, 880 


TOT ADCOST 
473,457 
1,896,595 


569,429 
368, 279 
325,153 


1,896,595 

569,429 
1,895,595 
1,89, 595 


257,923 
904,575 
284,699 
368, 279 


1,896,595 


1,896,595 
325, 153 
1,896,595 


TIME 


gene eae 


69 


188 
Zi 
19 


228 


188 


274 


Wit 


281 


BB4 


121 


12! 


118 
Za) 


36! 


ZADT IME 


0.444 
9.827 
9.85! 


8.174 


8.008 
8.444 
8.088 
8.888 


Bill 


8.864 
8.888 
8.485 
8.633 


8.476 


8.471 


8.471 


8.428 
8.677 
8.088 


8.368 


TOT ADCT 


485 
792 
371 


257 
485 
297 
207 


317 
135 
274 
W2 


297 


ean 
371 
297 


CONTR # 


42 


43 


46 


46 
43 
46 


CHNG # 


16 
89 
16 


18 


84 


37 


Smee e oes 





{AJ REAS 


‘LAR 


Average: 
Total: 
Count: 


RIT 


Average: 
Total: 
Count: 


CPE 
Average: 


Total: 
Count: 


NFO 
Average: 


Total: 
Count: 


Average: 
Total: 
Count: 


COST 


387,000 


387,000 


564,309 
130,427 
118,042 


812,778 


139, 468 


139,468 


205,001 
113,008 


318, 001 


1,657,247 


CHANGE ORDERS EXCEEDING $180,888 CONTRACT #46 


LADCOST 


Q. 284 


8.204 


8.298 
8,069 
8.862 


8.143 


0.074 


8.874 


8.188 
8.88 


8.884 


TOT ADCOST 


1,896,595 


1,896,595 
1,896,595 
1,896,595 


1,896,595 


1,896,595 
1,896,595 


TABLE. 33 


TIME 


121 


121 


118 


118 


aa =a = 


LADTIME 


0.471 


8.471 


8.428 
8.882 


8.214 


8.128 


TOT ADCT 


29/ 
297 
29/7 


257 


297 
29/7 


CONTR # 


46 
44 
46 


46 


4b 
46 


CHNG # 


29 
26 
34 


B64 
37 





TABLE 54 


ADDITIONAL TIME CHANGE ORDERS >188 DAYS BY BLDG TYPE 


HNGR 


HS6 


INST 


LAB 


MODS 


OFFC 


MAJ REAS 


Total: 
Count: 


CREQ 


CRIT 


UNFO 


Total: 
Count: 


UNFO 


Total: 
Count: 


COST 


159, 131 
9,241 


168, 372 
3,940 

2 

3,948 
78,133 
275, 080 
353, 133 
3,638 
108, 882 
111, 638 
59,985 
27,250 
288, 482 
190, 888 
28, 302 
594, 019 
125, 008 
2,569 


127,569 


TIME 


116 
138 


246 


115 


274 


389 


298 


281 


731 


183 


188 
188 


188 


298 


989 


291 


249 


496 


CHEE 


Bd 
84 


84 
a3 


81 
B2 


17 
28 








TABLE 55 


ADDITIONAL TIME CHANGES BTWN 75 AND 188 DAYS 


f 


HS6 


MODS 


OFFC 


WHSE 


MAJ REAS 


COST 


19, 962 
Q 


19,962 
15,199 
a 


15,199 


43,207 
43, 207 
11,593 

1,592 


13,175 


TIME 


98 
79 


169 


94 


78 


172 


98 


98 


86 


98 


176 


687 


CHEF 


04 
Bd 


85 
87 





TABLE 56 
ADDITIONAL TIME CHANGES BIWN 5@ AND 75 DAYS 


$ MAJ REAS COST TIME CHEF 
HNGR CLR 432,924 69 97 
DSGN 8,291 48 a5 
Total: 488,819 129 
Count: 2 
INST TIME 8 68 18 
UNFO 67,358 68 82 
Total: 67,358 128 
Count: 2 
MODS TIME 8 33 a! 
UNFO 77,128 68 24 
7,698 78 83 
Total: 84,778 183 
Count: 3 
OFFC CREQ 9,179 da 87 
0,14 92 83 
DSGN 23,369 70 85 
Total: 37,694 177 
Count: 3 





HNGR 


H56 


INST 


NODS 


OFFC 


WHSE 


MAJ REAS 


Total: 
Count: 


TIME 


UNFO 


Total: 


Count: 


CREG 


DSEN 


TIME 


UNFO 


Total: 
Count: 


TIME 
UNFO 


Total: 
Count: 


UNFO 


Total: 
Count: 


TABLE 57 
ADDITIONAL TIME CHANGES BIWN 25 AND 38 DAYS 


COST 


3, 300 
3, 258 
2,85! 
3,012 

958 

17,038 
4,728 

33,138 

Q 
Q 
Q 
60, 008 


128, 273 


6,988 
6, 988 
7,439 

450 


7,889 


TIME 


45 
45 
4) 
35 
49 


249 


38 
29 


39 


4) 


43 


88 


14 
Bt 
G4 
13 
85 
Q7 


Q4 
@! 
8D 
18 


G6 
88 


12 
88 





> 


TABLE 57 (cont) 
ADDITIONAL TIME CHANGES BIWN 25 AND 58 DAYS 


MAJ REAS COST TIME CHG 


Total: 314,871 1,829 
Count: 28 





TABLE 58 
ADDITIONAL TIME CHANGES LESS THAN 25 DAYS 


$ COST TIME CHoF 


HN6R 


Total: 


Count: 


HS6 


Total: 


Count: 


INST 


Total: 
Count: 


LAB 


Total: 
Count: 


MODS 


Total: 
Count: 


OFFC 


Total: 
Count: 


WHSE 


141,785 


39,723 


102,851 


188,158 


374,751 


244,313 


139, 484 


119 


82 


17 


a3 


382 


297 


118 


08 


31 


2a ae 


148 





J REAS 


. paEeoweee 
1 


(MR 


Average: 


Total: 


(20 
sd 
= 


Average: 
Total: 


UT 


Average: 
Total: 


UN 


{ 


Average: 
Total: 


U0 


Average: 
Total: 


Average: 
Total: 


COST 


492,524 


452,524 


288, 482 
64,543 
43, 207 
19,962 
18, 687 
18, 247 

9,422 
4,65! 
-9, 183 


442,038 


7,808 


7,000 


275,000 
159, 131 
58, 603 
38,773 
11,583 
9,046 
bb14 
-3, 800 


547,750 


67,358 
68,800 
12,523 
9,650 
4,420 
4, 009 
1,796 
-11,210 


148,546 


1,597,858 


TABLE 59 


CHANGE ORDERS CONTRIBUTING >50% OF ADDITIONAL COST 


ZADCOST 


8.50? 
8.986 
8.915 
0.771 
1,889 
8.634 
0.812 
8.979 
8.985 


0.737 


8.783 
0.938 
8.624 
8.679 
8.615 
8.984 
8.682 
1,860 


0.677 


TOT ADCOST 


473,457 


569,429 
127, 447 
47,241 
25,983 
10,589 
15,204 
11,605 
8, 087 
~10,149 


6, 981 


257,923 
284,699 
66,021 
49,906 
20, 886 
15,341 
11,934 
-5, 848 


86,018 
113, 284 
20,072 
14,383 
7,189 
6, 860 
2,981 
-11,218 


TIME 


274 
111 


AADTIME 


0.444 
0.206 
8.938 
8.698 
1.888 
8.258 
8.737 
8.333 
0.000 


8.912 


8.864 
8.485 
1,888 
8. 888 
8.869 
8.192 
8.008 
6.688 


8.416 


8.444 
8.379 
8.161 
8.476 
8.634 
B.167 
8.988 
8.688 


8.345 


TOT ADCT 


33 


CONTR # 


AY] 


CHNG # 


a4 





Hi REAS 


Average: 
Total: 


aT 


Average: 
Total: 


DN 


Aver age: 
Total: 


I: 


Average: 
Total: 


t 


Uh 


Average: 
Totals 


Average: 
Total: 


COST 


256, 643 


55,421 


55, 42! 


275, 888 
188, 088 
58, 683 
11,583 
3,940 
1,592 
1,241 


459,959 


125, 888 
28, 382 
9, 24! 
b, 653 
4,428 
4,186 
2,589 


188,291 


TABLE 60 


CHANGE ORDERS CONTRIBUTING >58% OF ADDITIONAL CONTRACT TIME 


LADCOST 


Q. 285 


8.285 


1.866 
8. 293 
8.888 
Bi ddd 
8.128 
8.125 
8.145 


8.468 


8.384 
8.835 
8.028 
8.656 
8.615 
B. 225 
8.439 


8.826 


TOT ADCOST 
341,684 
804,575 

47, 241 
72, 447 
25,903 
18,589 
11,605 
28, 072 
6, 868 


194, 662 


257,923 
368, 279 
66,021 
20, 886 
38,737 
12,768 
7,587 


15,341 
6, 981 
36,784 
49,906 
16,204 


325,153 
804,575 
473,457 
-18, 149 
7,189 
18, 223 
~5,048 


TIME 


248 
251 
258 
197 

14 


249 


ZADTIME 


8.864 
B. 633 
1.888 
8.869 
8.538 
B. 62! 
1.888 


8.788 


B. 996 
1,888 
8.579 
8.523 
8.758 


8.682 


8.677 
8.737 
8.781 
8.605 
8.636 
8.57! 
8.89! 


8.688 


TOT ADCT 


7 


37} 
358 
281 

22 


ais 


CONTR # 


16 


CHNG # 


B3 
a3 
85 


BS 


a 
Bd 
82 
8! 


87 





$LD 


385 
385 


392 


ORIG COST 
5,247, 008 
827,777 
4,731,008 
4,623,154 
3,012, 700 
1,864, 080 
4,888, 000 
5,219,822 
4,453,008 
5,064, 644 
3,213,958 
3,791,080 
4,894, 000 
3,476, B80 
2,935,227 
2,828, 008 
3,065, 446 
2,457, 002 
2,768, 908 
2,189, 08 
2,107,250 
912,163 
1,035, 679 
1,798, 000 
3,865,800 
1,776,808 
1,490, 000 
1,467, 405 
1,839, 139 
783,922 
1,407,000 
1,392, 500 
1,015, 888 
949, 860 
794, 000 
727, 888 
667, 203 
574, 800 
635, 000 
740, 808 
614, 092 
482, 549 
433,399 
418, 902 
396, 000 
393,800 
390, 241 
199, 447 


TABLE 61 
LIQUIDATED DAMAGES NUMERIC SORT - COST ANALYSIS 


ADDCOST 
25,983 
18, 008 
42,880 
18,223 
15,341 

195, 017 
194,662 
1,896, 595 
325, 153 
368, 279 
20, 884 
127,447 
341, 684 
257,923 
55,951 
38, 737 
284, 699 
473,457 
46,441 
86,018 
39, 329 
-10, 149 
~11,210 
113, 284 
804,575 
49,986 
47,241 
11,934 
72,447 
36,784 
18,589 
569, 429 
11,605 
130,195 
66,021 
19,559 
12,768 
6, 840 
16, 204 
6, 981 
7,189 
7,587 
2,98! 
-5, 848 
20,872 
8,087 

a 
14,383 


FNL COST 
5,272, 983 
845,777 
4,773,880 
4,641,377 
3,028,041 
2,049,017 
5,082, 662 
7,115,617 
4,778,153 
5 432, 923 
3,234,844 
3,918, 447 
5,235, 684 
3,933, 923 
2,991,078 
2,858, 737 
3,358, 165 
2,938, 457 
2,807, 341 
2,275,018 
2,146,579 
902, 014 
1,024,449 
1,911,284 
4,669, 575 
1,825, 904 
1,537,241 
1, 479, 339 
1,111,586 
740, 704 
1,417,589 
1,961,929 
1,026, 685 
1,888, 055 
860, 021 
737,559 
679,971 
588, 960 
651,204 
746, 981 
621,281 
490, 074 
436,380 
495, 052 
416,072 
401, 087 
390, 24! 
213, 750 


CSTF 





ALAS te ree Z 
LIQUIDATED DAMAGES NUMERIC SORT - TIME ANALYSIS 


LD ORCT ADCT FNCT CTDF LDDY FDUR FDF (8) FDF (F) ATDF LDDF ORIG COST 


— =2a=a = oa a= = ot oe on oe feeaeweaa Geena eSee2=— =o e2e=> = Ssaomw eS = 2a Bea = BSFeg 2ee2e >> 
1 


680 540 129 449 1,239 A 710 oes 1.06! 0.94 0.86 5,247,000 
420 212 15 227 ~—Ss«1..871 Q 221 1.042 0.974 1.00 8.80 827,777 
382 450 112 542 1.249 A 542 1.249 1,000 1.00 0.08 4,731,008 
296 720 7 707 ~—s«4..818 a 787 1.012 1.008 1.02 0.08 4,623,154 
428 420 234 654 1,557 Q 654 1.557 1.000 1.02 8.88 3,812,700 
192 540 80 620-1. 148 0 620 1.148 1.008 1.08 0.88 1,864,000 
625 542 57 597s «1.184 Q 597 1.106 1.800 1.00 0.88 4,888,808 
565 540 257 797 1.476 a 797 1.476 1.800 1.08 8.08 5,219,022 
535 528 371 B91 1.713 l 891 rls 1,000 1.00 8.08 4,453,008 
515 638 ieee 422 2.257 @ 1,422 2.208 1.008 1.00 0.08 5,064,644 
420 480 99 579 ~—s«1..286 ‘ 579 1.206 1.008 1.08 8.080 3,213,958 
49 458 102 SZ toler 14 544 1.258 1.825 0.98 0.02 3,791,080 
415 528 198 710 1.345 é 640 i251 0.991 1.88 0.08 4,894,000 
405 428 317 ito 12 747 1.779 1.814 08.99 0.8! 3,676,090 
380 400 350 758 = 1.875 Q 750 1.875 1.000 1.08 8.88 3,865,000 
315 455 143 598 = SA a 598 1.314 1.000 1.08 0.88 2,935,227 
315 420 219 639 12521 120 759 1,807 1.188 0.84 16 2,828,000 
305 455 274 729 1, 682 é 434 1.393 0.878 1.08 8.08 3,065,444 
305 340 281 bat 1.781 4 bat 1.781 1.008 1.00 8.08 2,457,008 
265 345 135 saa «14.370 Q 500 1.378 1.000 1.00 0.08 2,189,008 
265 338 202 532 1.612 a 532 1.612 1.000 1.08 8.08 2,760,908 
235 365 98 453 s:1.268 a 449 1.238 0.978 1.08 0.08 2,187,258 
225 270 38 308 1.141 197 505 1.878 1.640 @.61 @.39 912, 143 
215 278 187 377 1.398 Q 377 1.396 1.0002 1.88 28.22 { 035, 479 
205 345 128 485 1.329 28 513 1.485 1.058 0.95 0.85 1,798,000 
195 400 135 535 «1.338 a 535 1.338 1.008 1.08 9.08 3,865,000 
185 480 ry 524 1,092 a 524 1.092 1.008 1.02 20.20 1,776, 000 
185 455 94 551 Poi Q 551 ead 1.008 1.08 2.080 1,490, 008 
175 429 102 522 1,243 9 531 1.24 1.017 0.98 @.82 1,467,485 
155 395 272 647 1.489 a bb7 1.689 1.000 1.08 0.08 1,039,139 
158 278 57 327 1.210 @ 327 1.211 1.092 1.08 8.20 703,920 
35 365 485 77@ = 118 a 778 2.118 1.808 1.02 0.08 1,392,508 
35 345 14 379 1,038 a 379 1.038 1.000 1.88 2.08 1,407,000 
AS 345 19 384 1,052 a 384 1.052 1,080 1.00 2.20 1,015, 002 
15 240 78 318 leave i 302 1.258 0.958 1.00 0.88 949, 840 
85 449 45 485 1.102 a 485 1.102 1.008 1.08 0.20 794, 008 
15 300 145 445 s:1..483 a 445 1.483 1,000 1.08 8.00 667,203 
95 320 28 328 1.093 a 328 1.093 1,200 1.00 8.02 ode 
0 300 42 342 1.148 a 342 1.140 1.808 1.08 0.20 574,000 
85 340 28 388 1.078 a 380 1.056 8.979 1.92 20.28 635,008 
75 278 33 303s: 1.122 a 303 1.122 1.008 1.08 20.08 740, 802 
75 188 22 202 = 1.122 193 395 2.194 1.955 8.51 0.49 614,092 
b5 308 62 362 1,287 14 376 1.253 1.839 0.96 8.04 396, 808 

65 300 9 309s«1.038 a 309 1.038 1.808 1.00 8.88 393, 000 
b5 280 275 555 =: 1.982 a 315 mi25 8.568 1.00 8.00 419,990 
65 278 1a 280 4 3©=—s-_1, 037 123 403 1.493 1.439 0.69 8.31 482,569 
b5 278 12 282 s«1.844 F 282 1.044 1,008 1.08 0.08 433,399 

55 240 Q 248 «= «1. 800 40 280 1.147 1.167 0.86 14 398, 261 

35 120 147 267 2.225 é 267 2.225 1,800 1.00 0.00 199,447 

25 48 14 74 1.233 102 176 2.933 2.378 0.42 0.58 1, 407, 000 

28 60 a 68 =: 1880 111 156 2.400 2.600 0.29 8.71! 3,012,700 


18 38 14 44 1.467 i 44 1. 467 1,888 1.88 0.88 1,487, 808 





LD 


ad 


: 378 


ORCT 


363 


ADCT 


131 


LIQUIDATED DAMAGES NUMERIC SORT - TIME ANALYSIS 


FNCT CTDF 
494 1.351 


TABLE 62 (cont) 


LDDY 


Ve 


=< 2 = 


FDUR 


FDF (0) 


FDF (F) 


ATDF 


0.94 


LDDF 


8.86 


ORT6 COST 





APPENDIX B 
RAW FIELD DATA INPUT 
ORIGINAL COLLECTED DATA FROM FIELD STUDY 


AS ENTERED IN DATA BASE 
(see Section IIT) 





CONTRACT NO: 8128912 


UNIT NO: @1 
TITLE/LOC: Applied Instruction Bldq, NAS Memphis TN 
BLDG TYPE: INST $LD/DY: 4@5 
ORIGINAL COST: 2676000 
PINAL COST: 3932922 
COST FACTOR: 1.070 
ORIGINAL CT: 420 
ADDITIONAL CT: 217 
FINAL CT: 727 
CT DELAY FACTOR: 1.755 
FINAL DURATION: 747 
LD DAYS: 1@ 
FINAL DF (OCT): 1.779 
FINAL DF (FCT): 1.014 
meEOWED TIME DF: @.99 
mes TIME DF: 0.01 ADDITIONAL COST: 257923 
CONTRACT CHANGES SUMMARY 
CHGS MAJ REAS SUB REAS COST TADCOST TIME LADCT 
8! CREO INT ARCH -32, 486 -0.126 2 8.084 
82 DSGK INT ARCH 275, 888 1.864 274 8.844 
83 DSEN INT ARCH 15, 489 9.060 | 6.080 
as TIME WEATHER lu 8.088 4i 8.129 
Total: iS), 820 a 317 8.999 





UNIT NO: @2 


CONTRACT NO: 8@@242 


TITLE/LOC: Ocean Research Lab NORDA St. Louis MS 


BLDG TYPE: LAR 


ORIGINAL COST: 
FINAL COST: 
eGST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CTs 

Gee DELAY FACTOR: 


FINAL DURATION: 

LD DAYS: 
FINAL DF (OCT): 
FINAL DF (FCT): 


ALLOWED TIME DF: 
me > TIME DF: 


CHES MAJ REAS 


ti UNF O 
82 DS6N 
83 DSEN 
v4 DSEN 
65 CREQ 
84 DSEN 
87 UNFO 
68 DSEN 
89 CREQ 
18 DSEN 
| CREG 
12 UNF O 
13 DSGN 
14 DSEN 
13 DS6N 
16 DSEN 
17 DSEN 
18 DSEN 
28 aSEN 


$LD/DY: S15 


5064644 
5432923 
1.072 


522 
792 

1422 
?, 257 


1422 
Q 
2,257 
1.200 


4.82 ADDITIONAL COST: 268279 


CONTRACT CHANGES SUNMARY 


SUB REAS COST LADCOST TIME 
EARTHWORK 34,658 8.894 a 
UTIL GEN 2,689 8.007 0 
CARP 1,153 8. 003 a 
ELEC 4,556 0.012 H 
UTIL GEN -1,028 ~8.003 a 
EQUIP 483 0.001 " 
PAVING 6,811 8.014 i 
CARP 3,275 8.009 A 
INT. ARCH 111,833 @. 304 21 
ELEC 1,38! 0.004 i 
INT. ARCH 74,52! 8.282 28 
UTIL GEN 1,143 8.083 p 
CARP 14,775 8.04@ a 
CARP 9,995 9.827 a 
CARP 848 8.802 A 
DOORS 393 0.081 A 
STORM SEWER 3, 438 0.010 258 
UTIL GEN “9,917 -0.827 é 
ROOFING 100,008 7 8.293 561 


nd 
wD 
AS 


Total: 368,279 8.998 


ZADCT 


Seaaqgeeaae 





UNIT NO: 
TITLE/LOC: 
BLDG TYPE: 


Q.% 


ORIGINAL COST: 


FINAL 


COST: 


COST FACTOR: 


ORIGINAL CT: 


ADDITIONAL 


fle: 
FINAL CT: 


CT DELAY FACTOR: 


FINAL DURATION: 


LD DAYS: 


FINAL DF (OCT): 
FINAL DF (FCT): 


ALLOWED TIME DF: 
mea TIME DF: 


MAd REAS 


21899000 
oy aye 
ee ea 


~ 578 
. 402 


toe 
0. 82 


CONTRACT NO: 
Grp Trnq Bldq Barksdale AFB Shreveport LA 
INST 


Sole 7 Yas 


ADDITIONAL 


CONTRACT CHANGES SUMMARY 


SUB REAS 
UTIL U6 
FOUNDATION 
FIRE ALARM 
INT ARCH 
UTIL U6 
STRUCT 
FINISH INT 
ELEC 
UTIL U6 
WEATHER 


Total: 


86,018 


ZADCOST 


B 30426 


265 


COST: 84018 


TIME 


outs o~ 
SewFprPeee¢egdwuisck Fee ww 


~~ 


mr 
cn 


LADCT 





UNIT NO: 04 
TITLE/LOC: 


mevG TYPE: MODS 


ORIGINAL COST: 
FINAL COST: 
COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 

LD DAYS: 
FINAL DF (OCT): 
mrENAL DF (FCT): 


SeLOWED TIME DF: 
Bees TIME DF: 


UNIT NO: 
mole /LOC: 
Beb& TYPE: 


24A 


ORIGINAL COST: 
BrwAl COST: 
COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 

LD DAYS: 
SeNAL DF (OCT): 
meNAL DF (FCT): 


SeEOWED TIME DF: 
mee TIME DF: 


CONTRACT NO: 811112 


Fi8 Support Facilities MCAS Beaufort sc 


$LD/DY: 195 


3865000 


4669575 
1.208 


ADDITIONAL COST: 804575 


CONTRACT NO: 811112 


Fi8 Support Facilities MCAS Beaufort SC 
MODS 


$LD/DY: 280 


=B865000 
4669575 
1.208 


400 
390 
730 
ee 


75@ 

0 
ao) a 
1.000 


ADDITIONAL COST: 804575 





a4 


4A 


MAJ REAS 


UNFO 
UNFO 
UNF O 
UNFO 
UNF O 


CONTRACT CHANGES SUMMARY 


SUB REAS 


EARTHWORK 
STRUCT 
INT ARCH 
INT ARCH 
ELEL 
ELEC 
EQUIP 
FP SYS 
ELEC 
ELEC 
ELEC 

INT ARCH 
PAVING 
ELEC 
ELEC 
ELEC 
CARP 

FP SYS 
STRUCT 
ELEC 
ELEC 
CARP 
CARP 


Total: 


DERO 
ELEC 
UTIL UG 
INT ARCH 
INT ARCH 


Total: 


COST 
21,238 
3,188 
9,439 
8,472 
12,987 
1,586 
26,852 
39,584 
4.991 
27,734 
163 
214,15! 
48,133 
24,121 
45,615 
4,772 
98,777 
39, 985 
18,811 
1,789 
13,446 
13,57! 
3,286 
27,388 
17,96! 
11,864 
3,027 
208 


699,153 


77,128 
28, 382 


165,422 


884.575 


TADCOST 


Ba 2 = Qe eS = 


TIHE 


@aee@ag<« 


eaoeqg@gaedan0neeéewd2@ w&gsewudGgdgdqg@?geoaeg@gdrs@e@&daea@& DS» oe 


ome 
ci 
Cn 


15 
14 


68 
258 


358 


TADCT 
B. tt! 
8.708 
8.184 
8.822 
8.868 
8.888 
6.688 
6.868 
6.088 
6.688 
0.088 
8.068 
68.608 
0. 688 
8.688 
6.808 
8.888 
8.763 
6.868 
8.800 
6.888 
0.080 
8.608 
8. 080 
6.688 
8. 080 
8. 660 
8.880 


1.888 


8.043 
6.848 
8.809 
6.17! 
0.737 


1.888 
2.888 





UNIT NO: @S5 CONTRACT NO: 8@@477 
TITLE/LOC: UEPH Modernization MCRD Parris Island SC 
BLDG TYPE: MODS SED/DY: 26a 


ORIGINAL COST: 2760900 
FINAL COST: 28072741 
emen FACTOR: 1.017 


ORIGINAL CT: 220 
ADDITIONAL CT: 202 
FINAL CT: S22 

ST DELAY FACTOR: 1.612 


-FINAL DURATION: S22 
LD DAYS: @ 

FINAL DF (OCT): 1.612 

FINAL DF (FCT): 1.000 


ALLOWED TIME DF: 1.00 
Pease TIME DF: 0.00 ADDITIONAL COST: 46441 


CONTRACT CHANGES SUMMARY 


Total: 46,441 1.888 


} = s« CHE Mad REAS SUB REAS COST. ZADCOST TIME LADCT 

) sé CRIT LIGHTING 15,199 8.527 94 8.469 
82 UNF 0 DEMO 9,987 8.215 15 8.874 
6S UNFO FINISH INT 21,259 Q. 458 13 8.074 
B4 TIME ELEC SYS DELAY 8 '.660 78 8.386 


UNIT NO: @6 
Tigiee/7Loec:s UEFA 
BLDG TYPE: HSG 


ORIGINAL COST: 
FINAL COST: 
COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 

LD DAYS: 
FINAL DF (OCT): 
FINAL DF (FCT): 


ALLOWED TIME DF: 
mO-S TIME DF: 


2828000 
Eeaa7>7 
ho Za) abo 


422 
ZS 
689 
ot 


abt 
120 
1.807 
te tos 


2.84 
2.16 


CONTRACT CHANGES SUMMARY 


CHGS MAJ REAS SUB REAS 
8} UNF 0 DEMO 

82 DSEN DOORS 

83 DSEN STRUCT 

84 DSGN ROOFING 

85 DSGN FINISH INT 

86 TITHE WEATHER 


Total: 


CONTRACT NO: 810578 
NCBC Gulfport MS 


COST 


$i D/DY: 


ADDITIONAL COST: 


LADCOST 
8.278 
Q. 242 
9.136 
9.128 
8.216 
8.880 


1.888 


ls) 


TIME 


Oe 


LADCT 


aeaene eee @ws 


UNIT NO: @7 CONTRACT NO: 810425 
TITLE/LOC: UEPH NCEC Gulfport MS 
BLDG TYPE: HSG SED? PY s) ta7o 
ORIGINAL COST: 4627154 
FINAL COST: 4641277 
COST FACTOR: 1.204 
ORIGINAL CT: 720 
ADDITIONAL CT: 7 
FINAL CT: 707 
CT DELAY FACTOR: 1.0108 
FINAL DURATION: 707 
LD DAYS: @ 
FINAL DF (OCT): 1.010 
FINAL DF (FCT): 1.200 
ALLOWED TIME DF: 1.20 
tD’S TIME DF: 2.00 ADDITIONAL COST: 18222 
CONTRACT CHANGES SUMMARY 
CHEE MAJ REAS SUB REAS COST LADCOST TIME LADCT 
81 UNFO UTIL UG 2,156 8.118 if 8.888 
B2 DSEN HV ELEC 1,221 0.067 b 9.988 
13 ISHN STRUCT 4,845 0.264 3 8.429 
a4 DSEN HVAC 2,729 6.158 lb 6.808 
a5 UNF 0 CONCRETE 1,195 B. 844 i 2.08 
Bb UNFO EARTHWORK 1,971 0.188 pl 0.088 
a7 UNFO UTIL UG 4.186 0.225 4 8.571 
Total: 18,223 1.000 7 1.882 





UNIT NO: @8 


CONTRACT NO: 811016 


TITLE/LOC: Chapel NAS Dallas TX 
BOG TYPE: INST sao Dive 17a 
ORIGINAL COST: 14467405 
Senet COST: 1479339 
COST FACTOR: 1.008 
ORIGINAL CT: 420 
ADDITIONAL CT: 102 
EMAL CT: S22 
Br DELAY FACTOR: 1.243 
FINAL DURATION: S21 
LD DAYS: 9 
femel DF (OCT): 1.264 
meet OF (FCT): 1.017 
SeeenweED TIME DF: @.98 
meeo TIME DF: @.02 ADDITIONAL COST: 
CONTRACT CHANGES SUMMARY 
CHES MAJ REAS SUB REAS COST LADCOST TIME 
a1 TIME WEATHER J @. 888 46 
82 DSEN DOORS 2,861 8.173 18 
83 DSEN INT ARCH 1,969 8.131 14 
a4 DSEN WINDOWS 6,614 8.554 i 
5 DSEN WINDOWS 464 B.839 8 
86 DSEN ELEC 1,984 B.126 21 
@7 TIME WEATHER Q B. 888 i1 
88 DSEN HVAC -288 -0,823 J 
Total: 11,934 1,082 182 


11924 


LADCT 





UNIT NO: @9 CONTRACT NO: 820084 
TITLE/LOC: UEFH Rarksdale AFB Shreveport LA 
BLDG TYPE: HSG $_LD/DY: 1282 
ORIGINAL COST: 4721000 
FINAL COST: 4777880 
COST FACTOR: 1.009 
ORIGINAL CT: 450 
ADDITIONAL CT: 112 
FINAL CT: S62 
CT DELAY FACTOR: 1.249 
FINAL DURATION: S62 
LD DAYS: @ 
FINAL DF (OCT): 1.249 
FINAL DF (FCT): 1.@0@ 
ALLOWED TIME DF: 1.@@ 
LD°*S TIME DF: 0.900 ADDITIONAL COST: 42880 
CONTRACT CHANGES SUMMARY 
CHE MAJ REAS SUB REAS COST LADCOST TIME LADCT 
8! DSEN UTIL HW 2, 948 8.125 b, 8.888 
02 DSGN DOORS 8,425 0.196 Q 6.000 
83 UNFO CEILING 2,296 8.053 U 8.688 
Is YALE ROOFING “Hino? -8.264 8 8.888 
85 UNFO UTIL HW 14,278 6.333 § 8.888 
% TIME 6DEL SUBM 5 8.088 18 6.16! 
87 DSEN TELEPHONE 2,784 8.845 8 @.882 
88 CRIT CEILING “11,068 -8.278 8 0. 0a8 
89 DSEN CONCRETE Ju2 8.813 u 8.288 
10 TIME MATL DEL j 6.888 7 8.043 
tt TIME BDEL SITE 696 6.816 7 8.843 
12 CREQ ELEC 11,628 6.271 r 6.800 
13 TIME MATL DEL 8 8.888 35 8.313 
14 CREQ FINISH INT 13, 242 8.355 45 0.482 
15 UNFO BDEL UTIL 2,964 6.849 fl 8.868 
1 UNFO HVAC 1,488 8.837 ‘ 6.862 
Total: 42,888 8.999 112 1.882 





UNIT NO: 10 


me TLE/LOC: 
BeOS TYPE: 


CONTRACT NO: 790472 


Cons. Support Ctr. Enqland AFR 
OFFC $LD/DY: 185 


ORIGINAL COST: 1490000 
BeNeAl COST: 15372741 
feot FACTOR: 1.032 


ORIGINAL CT: 455 
ADDITIONAL CT: 94 
FINAL CT: 551 
CT DELAY FACTOR: 1.211 


FINAL DURATION: & 

LD DAYS: @ 
femal DF (OCT): 1 
mma DF (FCT): 1 


eee 
- 800 


ALLOWED TIME DF: 1.00 


m_ieo TIME DF: 0.00 


MAJ REAS 
UNFO 
UNFO 
CREQ 
CREQ 
CRIT 
DSEN 
CRIT 


ADDITIONAL COST: 47241 


CONTRACT CHANGES SUMMARY 


SUB REAS COST ZADCOST TIME ZADCT 
UTIL UG 2,597 8.851 3 8.83! 
UTIL U6 2,805 8.868 3 8.83! 
WT ARCH 43,207 8.915 98 8.938 
ELEC 224 8.085 i 0. 088 
UTIL GEN -1, 948 ~b.841 l 8.888 
DOORS 79 0.802 8 8.088 
ELEC 429 8.889 b 8.008 


Total: 47,241 1.081 9 





UNIT NO: 11 


CONTRACT NO: 820729 


TITLE/LOC: Alts to Fsv. Ctr. Savannah GA 
BLDG TYFE: MODS $_LD/DY: 33 
ORIGINAL COST: 0199447 
FINAL. COST: 0212750 
COST FACTOR: 1.072 
ORIGINAL CT: 120 
ADDITIONAL CT: 147 
FINAL CT: 267 
CT DELAY FACTOR: 2.225 
FINAL DURATION: 247 
LD DAYS: @ 
FINAL DF (OCT): 2.225 
FINAL DF (FCT): 1.000 
ALLOWED TIME DF: 1.00 
LD°S TIME DF: 2.00 ADDITIONAL COST: 14203 
CONTRACT CRKANGES SUMMARY 
CHEE RAY REAS SUB REAS IS LAD COST TIME ZADCT 
01 CREQ INT ARCH 3,308 6.231 35 8.238 
82 UNFO FINISH EXT boSoe 8.895 3 8.834 
a3 URFO INT ARCH 9,698 8.475 78 6.476 
4! TIME BDEL SUBH a 8.822 37 §.252 
Total: 14,383 1.081 147 1.080 





UNIT NO: 12 
rE /LOC: 
BLDG TYPE: 


ORIGINAL COST: 
FINAL COST: 
COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 
LD DAYS: 


FINAL DF (OCT): 


FINAL DF (FCT): 


ALLOWED TIME DF: 
me > TIME DF: 


CONTRACT NO: 820265 


Alterations to EDF NCBC Gulfport MS 
MODS 


Sip aby las 


1039139 
Prt aso 
1.070 


a7 = 
Fay (Fes 
667 
eos 7 


647 

0 
ee 7 
1.000 


. AB 


1 
0.00 ADDITIONAL COST: 


CONTRACT CHANGES SUMMARY 


CHGS HAJ REAS SUB REAS 
81 DSGN UTIL UG 

$2 DSEN UTIL UG 

B3 DSEN SITE ACCESS 
04 UNF 0 ASBESTOS 

LF) CREG LIGHTING 

B64 DSEN ASBESTOS 

87 DSGN UTIL GEN 

88 CREQ EQUIP 

89 DSEN HVAC 

18 DSGN CARP 

li CREQ HVAC 


Total: 


TADCOST 


NX 


8.853 
8.834 
§.871 
8.896 
8.865 
8.156 
8.842 
8.376 
0.818 
8.815 
0.083 


0.999 


TIME 


72447 


TADCT 





NTT NOs 15 CONTRACT NO: 8320449 
TITLE/LOC: FSD Bldq NSA New Orleans LA 
BiepG TYPE: OFFC Sie? Oy sel to 
ORIGINAL COST: 10152000 
FINAL COST: 1026605 
B@>1 FACTOR: 1.@11 
BEIGINAL CT: 265 
ADDITIONAL CT: 19 
FINAL CT: 284 
Br DELAY FACTOR: 1.@52 
FINAL DURATION: 284 
me DAYS: @ 
meee DF (OCT): 1.052 
FINAL DF (FCT): 1.222 
BeaOWwED TIME DF: 1.00 
Bees TIME DF: @.00 ADDITIONAL COST: 


CONTRACT CHANGES SUMMARY 


14 


19 


CHA == MAJ-REAS SUB REAS cost TADCOST TIME 
a! UNFO FOUNDATION 1,183 8.182 
a2 CREG CARPET 9,422 0.812 
a3 DSEN ELEC 1,000 8.284 
Total: 1,605 1.008 


1168S 


ZADCT 


eSmewee = 2 = 





Shit NG: 
Pionee/wec : 
BEDS TYPE: 


14 
Ops 


ORIGINAL COST: 
Banal COST: 
COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 

[LD DAYS: 
moNAL DF (OCT): 
FINAL DF (FCT): 


ALLOWED TIME DF: 
eps TIME DF: 


INST 


CONTRACT NO: 82705082 
Trnq Bldq NAS New Orleans LA 


$LD/DY: 185 
1776000 

1625906 

1.028 


480 
44 
524 
1.292 


u24 

Q 

ea 7 2 
1.202 


. 22 


1 
@.aa ADDITIONAL COST: 


CONTRACT CHANGES SUMMARY 


CHGS MAJ REAS SUB REAS COST LADCOST TIME 
Bi DSEN UTIL U6 2,865 8.841 8 
a2 DSGN FOUNDATION 4,825 8.897 21 
83 DSEN INT ARCH 6, 888 0.128 é 
a4 DSN FOUNDATION 34,773 8.617 g 
85 DSEN UTIL GEN 6,235 8.125 a 
86 THE GPEL SUBM 0 6.622 23 
Total: 49,986 1.088 44 


49986 


ZADCT 





UNIT NO: 15 CONTRACT NOQ: 
TITLE/LOC: Env./Med. Facility Shreveport LA 
BLDG TYPE: LAB $LD/DYs 


ORIGINAL COST: @423:3.299 
FINAL COST: 0426280 
e@sT FACTOR: 1.007 


ORIGINAL CT: 270 
ADDITIONAL CT: 12 
FINAL CT: 282 
CT DELAY FACTOR: 1.044 


FINAL DURATION: 282 
LD DAYS: @ 

FINAL DF (OCT): 1.044 

FINAL DF (FCT): 1.8000 


ALLOWED TIME DF: 1.@@ 
moe Ss TIME DF: 0.00 


CONTRACT CHANGES SUMMARY 


CHGE =» KAY EAS SUB REAS COST 

Tl DSEN CONCRETE 1,185 
a2 UNFO FOUNDATION 1,796 
93 TINE WEATHER a 


Total: 2,981 


AADCOST 


820240 


65 


ADDITIONAL COST: 


TIME 


12 


275 1 


ZADCT 





UNIT NO: 16 


CONTRACT NO: 810924 


TITLE/LOC: Maintenance Hanqer NAS Cecil Field FL 
BLDG TYFE: HNGR $LD/DY: 625 
ORIGINAL COST: 4888000 
FINAL COST: S@82662 
COST FACTOR: 1.040 
ORIGINAL CT: S4@ 
ADDITIONAL CT: 57 
FINAL CT: 597 
CT DELAY FACTOR: 1.1064 
FINAL DURATION: 597 
LD DAYS: @ 
Peel DF (OCT): 1.106 
FINAL DF (CFCT): 1.000 
ALLOWED TIME DF: 1.00 
'D°S TIME DF: 90.00 ADDITIONAL COST: 
CONTRACT CHANGES SUMMARY 
CHES MAJ REAS SUB REAS COST LADCOST TIME 
@1 UIFO FENCING J, 219 8.827 Q 
82 CRIT UTIL U6 5,707 8.828 a 
83 DSGN FP SY¥§ 18, 152 8.852 a 
a? CREQ UTIL GEN 6,493 8.833 E 
a5 CRIT ELEC 1,892 0.818 8 
4 DSEN HAUL ROUTE 17,315 8.889 q 
a7 CRIT FENCING 2,575 8.042 2 
88 DSEN HANGAR DOORS 11,288 8.858 8 
a9 DSGN FP SyS 31,129 9.168 7 
18 CRIT INT ARCH 30, 421 6.285 38 
11 ISGN INT ARCH 12,797 8.864 15 
HZ DSEN HVAC 12,552 8.064 8 
13 CREQ FP SYS 6,258 8.832 a 
14 DSEN INT ARCH 3,69! 8.019 9 
1) UNFO FOUNDATION 9,982 8.851 Q 
16 DSEN FP SYS 4,299 8.822 8 
Total: 194 662 1.888 37 


194662 


LADCT 





UNIT NO: 17 


CONTRACT NO: 812809 


TITLE/LOC: Family Sve Ctr NAS Kinasville TX 


eeooe TYPE: OFFC 


ORIGINAL COST: 
FINAL COST: 
Eeor FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 

Ep. DAYS: 
FINAL DF (OCT): 
meme DF (FCT): 


ALLOWED TIME DF: 
mOe> TIME DF: 


CHEE HAJ REAS SUB REAS 
8} DSEN FINISH EXT 
82 CREQ CARPET 

83 DSEN DOORS 


AS92000 
24201087 
1.021 


=O 

9 
209 
1.020 


2 BP 

Q 
1.022 
1.200 


1.%@ 
0.20 


$LD/DY: 65 


ADDITIONAL COST: 


CONTRACT CHANGES SUMMARY 


Total: 


COST LADCOST TIME 
2,878 0.257 ? 
4,651 8.575 3 
1,340 0.18 4 


8, 887 1,888 9 


8087 


ZADCT 





UNIT NO: 18 


CONTRACT NO: 810855 


TITLE/LOC: Family Sve Ctr NAS Cecil Field FL 


BLDG TYPE: OFFC 


ORIGINAL COST: 
FINAL COST: 
COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 

LD DAYS: 
FINAL DF (OCT): 
FINAL DF (FCT): 


ALLOWED TIME DF: 
(p*S TIME DF: 


$LD/DY: 65 


0482549 
2490076 
1.014 


278 
1@ 
=~8O0 
asi 


403 
1 aii 
1.493 
1,429 


2.69 


Oi ADDITIONAL COST: 7507 


CONTRACT CHANGES SUMMARY 


MAJ REAS SUB REAS COST LADCOST TIME 
Bi DS6N INT ARR 3434 wa 51 4 
‘ 8.457 
@2 DS6N INT ARCH 2, 832 8.377 
B3 DSEN INT ARCH 1,241 8.165 18 
Total: 7,987 1.999 18 


ZADCT 





ONT Ne: 19 
mPnee/LO@C: UEPFH 
BLDG TYPE: HSG 


ORIGINAL COST: 


FINAL COST: 


COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 


FINAL CT: 


CT DELAY FACTOR: 


FINAL DURATION: 


LD DAYS: 


FINAL DF (OCT): 
FINAL DF (FCT): 


ALLOWED TIME DF: 


fo S TIME DF: 0.06 


CONTRACT NO: 81@412 


MCRD Parris Island SC 
$LD/DY: 26800 


2247002 
sia 7 a7 Oe 
1.985 


340 
ea 
569 


ee! 7 


71@ 
41 
feito 


1.@61 


O. 94 
ADDITIONAL COST: 


CONTRACT CHANGES SUMMARY 


MAU REAS SUB REAS COST TADCOST TIME 
UNFO DEHO 7,638 8.295 

UNFO FP SYS ~), 861 “O.199 

UNF 0 UTIL GEN 3,372 8.138 

CREQ INT ARCH 19, 962 Q.771 , 
TIME BDEL SUBM 6 8. 088 3 


Total: 25, 983 1.88! 129 


25903 


ZADCT 





UNIT NO: 2@ CONTRACT NO: 810408 
TITLE/LOC: Alterations to UEPH Shaw AFB Sumter SC 
RLDG TYPE: MODS $LD/DY: 792 
ORIGINAL COST: 18642002 
FINAL COST: 2049017 
COST FACTOR: 1.899 
ORIGINAL CT: 354@ 
ADDITIONAL CT: 8@ 
FINAL CT: 620 
CT DELAY FACTOR: 1.148 
FINAL DURATION: 620 
LD DAYS: @ 
FINAL DF (OCT): 1.148 
FINAL DF (FCT): 1.@@@ 
ALLOWED TIME DF: 1.@@ 
mo o> TIME DF: 0.80 ADDITIONAL COST: 185@17 
CONTRACT CHANGES SUMMARY 
CHG MAJ REAS SUB REAS COST ZADCOST TIME ZADCT 
81 UNFO FOUNDATION 27,819 0.158 24 6.380 
82 UNFO FINISH EXT 1,273 8, 887 b i. 188 
83 UNFO WINDOWS 3,196 8.817 2 8.825 
aa UNFO INT ARCH 11,894 8.844 2 0.025 
85 DSEN ELEC 2,000 8.814 é 8.088 
Q6 CREQ WINDOWS 23,778 8.129 b 6.875 
87 UNF O UTIL GEN 4.516 0.824 é 0.888 
08 DSGN HV ELEC 18,758 8.858 8 6.820 
89 UNFO STAIRS 99,244 1.328 v 8.888 
18 UNF 0 UTIL GER 3, 224 8.828 a 1.858 
1 UNFO WINDOWS 480 8.882 i 8.888 
12 UNF 0 CEILING yao 8.842 7 9.188 
13 UNFO HV ELEC 2,695 8.815 « 8.888 
14 DSGil FINISH INT 17,838 8.892 32 0.480 
15 UNFO HYAC 545 6.883 8 8.288 
16 URFO UTIL U6 3,992 8.922 3 Q.838 
17 UNFO HVAC 2,389 8.812 e 6.808 
Total: 185,817 8.999 88 1,081 





S2027 1 


fic; NG: <1 CONTRACT NO: 
TITLE/LOC: Gym Addition Shaw AFB Sumter SC 
ELDG TYFE: MODS $LD/DY: 205 
ORIGINAL COST: 17978000 
FINAL COST: 1911284 
COST FACTOR: 1.@65 
ORIGINAL CT: 365 
ADDITIONAL CT: 120 
FINAL CTs: 485 
CT DELAY FACTOR: 1.32 
FINAL DURATION: S13 
LD DAYS: 28 
FINAL DF (OCT): 1.4@5 
FINAL DF (FCT): 1.058 
ALLOWED TIME DF: @.95 
fos TIME DF: @.05 ADDITIONAL COST: 
CONTRACT CHANGES SUMMARY 
CHGS MAJ REAS SUB REAS COST LADCOST TIME 
81 UNFO DEMO 239 8.885 2 
82 UFO DENO ligos 8.814 ‘ 
83 DSEN DOORS 1,356 8.812 4 
@4 UNFO WEATHER DAMAGE 68, 088 8.538 45 
a5 UNFO WEATHER DAMAGE 165 8.08! ! 
84 DSGN UTIL GEN 3,747 8. 833 12 
87 TIME WEATHER 4 6.000 17 
a3 DSEN FINISH INT 398 8.804 s 
a9 CREO ROOFING 19,984 8.176 7 
18 DSEN CEILING 1,223 6.611 1 
1 DSEN FINISH EXT 2,882 8.825 7 
12 DS 6N HVAC 3,088 6.83! 18 
13 CRE@ FINISH INT 1,578 0.814 3 
14 CRE@ PAVING 13,216 8.117 [ 
15 UNF O FLOORING 2,924 8.826 2 
16 CRIT FINISH INT 235 8.882 8 
Total: 113,284 1.88! 128 


113284 


LADCT 





UNIT NO: 22 
io nLlE/LOC: 


Pepe TYFE: OFFC 


ORIGINAL COST: 
FINAL COST: 
COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 

LD DAYS: 
FINAL DF (OCT): 
Bema DF (FCT): 


SeeGweD TIME DF: 
Bpe> TIME DF: 


CONTRACT NO: 


AoC 
‘bot 


SLD/DY: 


OO hates 
0902014 
Oe 7e7 


</7@ 
38 
=08 
1.141 


JOS 

co7 

1.870 
1.640 


0.61 


Orso ADDITIONAL COST: 


CONTRACT CHANGES SUNMARY 


CHEE HAJ REAS SUB REAS CosT ZADCOST TIME 
al TIME BDEL SITE 2,484 “8.245 
82 UNFO DEO 6,693 -8.654 
a3 CREQ WINDOWS -1,594 8.157 
84 CRE@ UTIL 6EN Neos 9.154 
85 CREQ CEILING —b352 8.064 
84 CRE@ UTIL GEN alge 8.193 
87 CREQ FLOORING 4,538 8. 427 
88 CRE@ FINISH EXT =, 185 8.985 
Total: -10, 149 8.999 


82402569 
Waterfront Svcs bldq NS Charleston SC 


-1@149 


ZADCT 


Se ee BeBee ee = 


UNIT NO: 23 CONTRACT NO: 820180 
TITLE/LOC: Child Care Ctr NAS Pensacola FL 
BLDG TYFE: HSG #LD/DY: 105 


ORIGINAL COST: 0794000 
FINAL COST: @86@@21 
EwSt FRETOR: 1.083 


ORIGINAL CT: 440 
ADDITIONAL CT: 45 
FINAL CT: 485 
CT DELAY FACTOR: 1.102 


FINAL DURATION: 485 
EDU AYo: @ 

meee DF (OCT): 1.102 

meMwmt DF (FCT): 1.88@ 


SeeeweD TIME DF: 1 
mies TIME DF: 0.90 ADDITIONAL COST: 66@21 


CONTRACT CHANGES SUMMARY 


CHGE HAd REAS SUB REAS COST TADCOST TIME ZADCT 
} DSBN EARTHWORK 0B, 683 §.888 §) 1.888 
02 DSEN EQUIP 7,418 @.112 8 4.008 


Total: bb, 82! 1.908 45 1.808 


UNIT NO: 24 CONTRACT NO: 830187 
TITLE/LOC: PSD Bldq NAS Kinasville TX 
BLDG TYFE: OFFC $L_LD/DY: 85 


ORIGINAL COST: @6252800 
FINAL COST: @651204 
COST FACTOR: 1.@26 


ORIGINAL CT: 262 
ADDITIONAL CT: 28 
FINAL CT: 3288 
' CT DELAY FACTOR: 1.078 


FINAL DURATION: 280 
LD DAYS: @ 

FINAL DF (OCT): 1.@56 

FINAL DF (FCT): @.979 


ALLOWED TIME DF: 1.80 
LD*S TIME DF: 0.20 ADDITIONAL COST: 16204 


CONTRACT CHANGES SUNMARY 


CHGS HAJ REAS SUB REAS COST LADCOST TIME LADCT 
01 CREQ INT ARCH 18,287 as a gas 
; : 7 8.258 
B2 CREQ LANDSCAPE 2; 888 8.389 g 8.888 
3 TIRE WEATHER é 8.828 21 8.758 
B4 CREQ WINDOWS 937 #.858 A B. 882 


Totals 16, 284 1.001 28 1.800 





UNIT NOs 25 CONTRACT NO: 830125 
TITLE/LOC: HO@TRS Bldaq Charleston AFB 
BLDG TYFE: OFFC Sig DY sae) 


ORIGINAL COST: 29235227 
FINAL COST: 2991078 
COST FACTOR: 1.019 


ORIGINAL CT: 455 
ADDITIONAL CT: 143 
FINAL CT: 598 

CT DELAY FACTOR: 1.314 


FINAL DURATION: 598 
{D DAYS: @ 
FINAL DF (OCT): 1.214 
FINAL DF (FCT): 1.080 
ALLOWED TIME DF: 1.80 
_D’S TIME DF: 0.00 ADDITIONAL COST: 


CONTRACT CHANGES SUMMARY 


CHGS MAJ REAS SUB REAS COST LADCOST TIME 

8! UNF O ASBESTOS 14,838 8.25! 18 
82 DSEN DOORS 6,959 8.117 8 
83 CRIT HV ELEC 388 -B. 886 a 
4 VALE DEMO -1,874 ~8.819 a 
85 DS6N INT ARCH 23,369 8.418 78 
Ws DSGN ELEC 4,128 8.874 a 
67 CRE@ ELEC a 8.164 Jo 


Total: 39, 85! 8.999 143 


aiagoa L 





UNIT NO: 26 
mone e7LOe: UEPH 
BEDE ThyYFE: MODS 


ORIGINAL COST: 
FINAL COST: 
CEST FACTOR: 


ORIGINAL CT: 
ADDITIQNAL CT: 
FINAL CT: 
CT DELAY FACTOR: 


FINAL DURATION: 
LD DAYS: 
FINAL DF 
FINAL DF (FCT): 


(GGT): 


SeeoweD TIME DF: 
meas TIME DF: 


CHES 


6! 


83 


CONTRACT NO: 8202.24 
Improvements MCRD Parris Island SC 
$#_LD/DY: 215 


near 7 
1024469 
0.989 


Fe 7a 
107 
7 
en oO 


Sc a 
Q 
ee © 
1.000 


1.20 
4.00 ADDITIONAL COST: -11210 


CONTRACT CHANGES SUMMARY 


MAU REAS SUB REAS COST LADCOST TIME TADCT 

TIME MATL STRIKE b 8.628 23 8.495 
UNFO UTIL GEN 11,218 1.888 @ 8.888 
TIME MATL DEL 0 2.020 34 6.318 
TIME BDEL SITE 8 Q. 882 20 8.187 


Total: -11,218 1,688 167 1.888 





Nir NO: 
ie flees 
SCDG TYPE: 


ay 
eee 
HSG 


ORIGINAL COST: 
FINAL COST: 
COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 

LD DAYS: 
FINAL DF (OCT): 
FINAL DF (FCT): 


ALLOWED TIME DF: 
Zoe TIME DFs 


| er a SS gene 


UNIT NO: 
TITLE/LOC: 
BLDG TYPE: 


=7A 
UEPH 
HSG 


ORIGINAL COST: 
FINAL COST: 
COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 

LD DAYS: 
FINAL DF (OCT): 
FINAL DF (FCT): 


ALLOWED TIME DF: 


LD’S TIME DF: @.71 


MAJ REAS 


CONTRACT NO: 


NAS Dallas TX 


$LD/DY: 


2012700 
2028041 
1.@05 


420 


Vet 


654 
Le do7 
654 

2 
oo 
1. GQ 


1.@0 
0.20 


9° _ 


NAS Dallas TX 


$LD/DY: 


2012780 
=028041 
1.005 


62 

Q 

60 
1.822 


Pa 
tel 
=. 4600 
2.500 


Be? 


CONTRACT CHANGES SUKMARY 


SUB REAS ZADCOST 


ADDITIONAL COST: 


ADDITIONAL CoOsT: 


oe oe oe om ae em a 


Sa eS er SF Oe SS SF S88 Owe ea 


HVAC 
BDEL SUBM 
INT ARCH 


Total: 


811014 


1020 


15341 


AT ct ri 


CONTRACT NO: 811014 


2Q 


15341 


TIME 


ase eee ae 


LADCT 





UNIT NO: 28 CONTRACT NO: 810894 
TITLE/LOC: Ops Trnaq Facility MCAS Beaufort SC 
BLDG TYFE: INST ${_D/DY: 1600 
ORIGINAL COST: 0827777 
FINAL COST: 0845777 
COST FACTOR: 1.022 
ORIGINAL CT: 212 
ADDITIONAL CT: 15 
FINAL CT: 227 
CT DELAY FACTOR: 1.071 
FINAL DURATION: 221 
LD DAYS: @ 
FINAL DF (OCT): 1.042 
FINAL DF (FCT): 0.974 
ALLOWED TIME DF: 1.@@ 
LD*S TIME DF: @.00 ADDITIONAL COST: 18000 
CONTRACT CHANGES SUMMARY 
CHES MAJ REAS SUB REAS COST ZLADCOST TIME ZADCT 
8! UNFO UTIL U6 4 80) 8.222 3 9.333 
92 UNFO ELEC 1,716 8.895 7 Q.467 
83 DSEN INT ARCH 768 8.842 3 8.280 
m4 UNFO ELEC 6, 433 8.357 Q 8.088 
85 DSEN ELEC 1,263 8.878 c 8.888 
Q4 DSEN ELEC 2,877 B.115 i 0.800 
87 DSEN ROOF ING 1,798 8.897 8 8.886 
Total: 19, 888 8.998 15 1.888 





UNIT NOs: 29 CONTRACT NO: 820516 
TITLE/LOC: Crew Blda Harksdale AFR Shreveport LA 
BLDG TYFE: MODS SED DY*s 2ac 


ORIGINAL COST: 21907252 
FINAL COST: 2146579 
Seo FACTOR: 1.019 


ORIGINAL CT: 365 
ADDITIONAL CT: 98 
FINAL CT: 46% 
CT DELAY FACTOR: es 


FINAL DURATION: 449 
LD DAYS: @ 

FINAL DF (OCT): 1.22 

FINAL DF (FCT): @.970 


ALLOWED TIME DF: 1.00 
Bees TIME DF: 6.00 ADDITIONAL COST: 39329 


CONTRACT CHANGES SUMMARY 


CHEE MAJ REAS SUB REAS COST TADCOST TIKE TADCT 

81 DSEN LANDSCAPE 2,888 0.85! a 6. 860 
82 DSEN CONCRETE 678 0.817 8 0.088 
83 UNFO UTIL GAS 17,258 8.439 16 8.163 
84 CREQ FENCING 3, 258 9. 883 38 8.386 
A) UNFO ROOF ING 2,817 8.85! a 8.888 
86 UNFO HVAC 8,598 8.214 2 6.828 
07 DSEN HV ELEC 4,728 8.128 48 8.488 
88 DSEN HVAC 1,082 8.825 1@ 9.182 


Total: 39,329 1, 888 98 0.999 





UNIT NO: 
fr rle/LOC: 
BEDG” TYPE: 


ORIGINAL COST: 
FINAL COST: 
COST FACTOR: 


FINAL DURATION: 
LD DAYS: 
(OCT): 
CB i): 


FINAL DF 
FINAL DF 


ALLOWED TIME DF: 
@oeo TIME DF: 


CHEE 


ai 
82 


84 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 
CT DELAY FACTOR: 


HAd REA 


0614092 
0621281 


meet ce 


180 


=m 
Siew Pies 


202 


0.51 
0.49 


CONTRACT NO: 
Loqistics Bldq NAS Dallas TX 
$_D/DY: 


ADDITIONAL COST: 


CONTRACT CHANGES SUMMARY 


eee @ @eewewee 8G eae Gags 


FOUNDATION 
FOUNDATION 
WAGE INC 
LIGHTING 


8503529 


73 


TIME 


7FiB87 


AADCT 





UNIT NO: 31 
TiGee/ EOE: 


BewGalyre : 


ORIGINAL COST: 
FINAL COST: 
COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
EuNAe CT : 

CT DELAY FACTOR: 


FINAL DURATION: 

LD DAYS: 
FINAL DF (OCT): 
FINAL DF (FCT): 


ALLOWED TIME DF: 
mes TIME DF: 


CONTRACT NO: 820488 


Training Bldq NAS Dallas TX 
INST 


$LD/DY: S35 
Q390261 

Qz90261 

1.000 


242 

2 

=4@ 
1.222 


280 
40 
1.167 
1.167 


0.86 


0.14 ADDITIONAL COST: @ 


CONTRACT CHANGES SUMMARY 


CHGS RAJ REAS SUB REAS COST TADCOST TIME TADCT 
a2 #844 NO CHANGES 8 6.800 6 B. 888 
Total: Q 8.880 é 8.088 





UNIT NO: 22 CONTRACT NO: 820185 
TITLE/LOC: PW Shops NAS Finasville TX 
BLDG TYFE: WHSE $LD/DY: 135 


ORIGINAL COST: 1427000 
FINAL COST: 1417589 
COST FACTOR: 1.208 


ORIGINAL CT: 265 
ADDITIONAL CT: 14 
Bene ols 379 
CT DELAY FACTOR: 1.028 


FINAL DURATION: 279 
LD DAYS: @ 

FINAL DF (OCT): 1.828 

FINAL DF (FCT): 1.000 


ALLOWED TIME DF: 1.080 
Meo TIME DF: 8.00 ADDITIONAL COST: 1@589 


CONTRACT CHANGES SUMMARY 


CHGS MAJ REAS SUB REAS COST ZADCOST TIRE ZADCT 


81 VALE PAVING | ~1,316 8.124 | 8.888 
02 SGN LANDSCAPE 1,218 B.115 le | 
83 CREQ INT ARCH 18, 687 1.889 14 1,888 


Totals 18,989 1, 88 (4 1.080 





UNIT NO: 
fein 7 LOC: 
BeDG TYPE: 


eA 
WHSE 


ORIGINAL COST: 
FINAL COST: 
EQS) FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 

LD DAYS: 
memeat DF (OCT): 
evel DF (FCT): 


ALLOWED TIME DF: 
meee TIME DF: 


om, oe 
ae) aime 


UNIT NO: 
feonee/LOC: 


EepG TYPE: 


ORIGINAL COST: 
FINAL COST: 
COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 

LD DAYS: 
FINAL DF (OCT): 
FINAL DF (FCT): 


ALLOWED TIME DF: 
meas TIME DF: 


CONTRACT NO: 820185 


FW Shops NAS Kinasville TX 


SLD/DY: 10 
1407000 

1417589 

1.008 


20 
14 
44 
1.467 


44 
Q 

eee, 
1.200 


1.02 


0.00 ADDITIONAL COST: 10589 


CONTRACT NO: 8320185 


FW Shops NAS Kinasville TX 
WHSE 


$LD/DY: 


1407000 
1417589 
1.008 


40 
14 


74 
Pee 
L76 
102 
Beene 
ZO 


@.42 


0.58 10589 


ADDITIONAL COST: 





UNIT NO: 23 
mITLe/LOC: 
BLDG TYPE: 


ORIGINAL COST: 
FINAL COST: 
COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 

LD DAYS: 
FINAL DF (OCT): 
FINAL DF (FCT): 


ALLOWED TIME DF: 
ees TIME DF: 


CONTRACT NO: 820091 


Gen’1 Warehouse NCBC Gulfport MS 
WHSE 


$#LD/DY: 420 


2 L3S9S8 
3224844 
1.006 


48@ 


ADDITIONAL COST: 


CONTRACT CHANGES SUMMARY 


CHG) = HAJ.-REAS SUB REAS COST LADCOST TINE 
a1 UNFO EARTHWORK -2,371 “0.114 Q 
02 UNFO EARTHWORK 8,954 9.429 7 
83 UNO STORM SEWER 2,030 8.097 é 
a4 DSGN ELEC 699 8.033 a 
a5 DSGN PAVING 11,583 8.555 86 
Total: 20, 884 1,080 99 


20886 


TADCT 





UNIT NO: 24 
ieee /LOC: 
PEOG TYPE: OFFC 


ORIGINAL COST: 
FINAL COST: 
COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 

LD DAYS: 
FINAL DF (OCT): 
meme DF <(FCT): 


ALLOWED TIME DF: 
wees TIME DF: 


CHGE MAd REAS 
01 DS6N 
@2 UNFO 
83 UNFO 
4 CREQ 
85 UNF O 
6 DSN 
87 UNF O 


CONTRACT NO: 800 
Rel Ed Facility NAS Jacksonville FL 


se 
Soo 


$LD/DY: 9S 

Q727000 

727557 

1.@15 

20Q 

298 

228 

PoO7s 

S25 

2 

1.993 

1.000 

1.@2 

0.02 ADDITIONAL COST: 10559 

CONTRACT CHANGES SUMMARY 
SUB REAS COST TADCOST TIME LADCT 
UTIL GEN 386 8.829 4 8.808 
LANDSCAPE 982 8.048 1 0.036 
LANDSCAPE 1,119 8.184 2 8.671 
INT ARCH 1,776 6. 168 2 8.871 
INT ARCH 936 8.889 4 8.143 
ELEC 1,066 8.181 7 8.258 
FINISH EXT 4,854 0.448 12 8.429 
Total: 10,999 1.881 28 1,888 


UNIT NOs 35 


CONTRACT NO: 840872 


TITLE/LOC: Hatrs Facility NAS Key West FL 
BLDG TYFE: MODS #LD/DY: 115 
ORIGINAL COST: 0949860 
FINAL COST: 1080055 
COST FACTOR: 1.127 
ORIGINAL CT: 2490 
ADDITIONAL CT: 78 
FINAL CT: 218 
CT DELAY FACTOR: 1.325 
FINAL DURATION: 2302 
LD DAYS: @ 
FINAL DF (OCT): 1.258 
FINAL DF (FCT): 0.950 
ALLOWED TIME DF: 1.20 
LD°’S TIME DF: 0.00 ADDITIONAL COST: 
CONTRACT CHANGES SUMMARY 
CHES MAJ REAS SUB REAS COST TADCOST TIME 
{ 8) UNF O DEKO 20,412 8.157 14 
a2 DSGN FP SYS 33, 136 8.255 3a 
83 DSEN ELEC 11,087 6.085 18 
a4 NSEN HVAC 33,591 8.258 i@ 
06 DSEN CARP 26,427 8.283 14 
ISEN UTIL GEN 11,344 9.897 3 
87 UNFO CARP -5, 882 -8.045 8 
Total: 130, 195 1.888 78 


iSO19S5 


TADCT 





UNIT NOs: 36 CONTRACT NO: 850126 
TITLE/LOC: Family Svc Ctr NAS KReeville TX 
BLDG TYPE: OFFC $LD/DY: 65 


ORIGINAL COST: @7946000 
FINAL COST: 0416072 
COST FACTOR: 1.@51 


ORIGINAL CT: 7a@ 
ADDITIONAL CT: 62 
FINAL CT: 262 
CT DELAY FACTOR: 1.207 


FINAL DURATION: 276 
LD DAYS: 14 

PINAL DF (OCT): 1.253 

FINAL DF (FCT): 1.0239 


ALLOWED TIME DF: @.96 
LD’S TIME DF: @.@4 ADDITIONAL COST: 20072 


CONTRACT CHANGES SUKMARY 


CHGS MAJ REAS SUB REAS COST LADCOST TIME TADCT 

B! UNF 0 EARTHWORK 2,483 8.128 B 8.888 
2 UNFO STORM SEWER 12,925 8.624 1a 0.181 
B3 CREQ INT ARCH 9,146 8.256 o2 8.839 


Total: 28,872 1. a 62 1, 828 





UNIT NO: 37 


BEG TYPE: 
ORIGINAL COST: 


FINAL COST: 
ESS) FACTGR: 


MODS 


CONTRACT NO: 850099 
TITLE/LOC: Child Care Ctr Barksdale AFB Shreveport LA 


$LD/DY: 75 


0740000 
0746981 
1.209 


ORIGINAL CT: 
ADDITIONAL CT: 
ENAL CTs 

CT DELAY FACTOR: 


=7@ 


eee 


20% 


ee cee 


FINAL DURATION: 03 
LD DAYS: @ 

meee DF (OCT): 1.122 

FINAL DF (FCT): 1.000 


ALLOWED TIME DF: 1.00 
moo TIME DF: 0.00 


ADDITIONAL COST: 6981 


CONTRACT CHANGES SUMMARY 


CHEE MAJ REAS SUB REAS 
81 DSEN EARTHWORK 
82 SGN CONCRETE 
83 TIME WEATHER 
84 CRIT FP SYS 
DSEN DOORS 


Total: 


COST ZADCOST TIME ZADCT 
“1,471 “8.211 8 8.888 
780 @. 112 8 8.882 
8 6.888 33 1,888 
7,808 1.283 Q 8.888 
672 8.896 b 8.688 
6,981 1,808 33 1.808 





UNIT NO: 38 


ORIGINAL COST: 
FINAL COST: 
COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 

LD DAYS: 
FINAL DF (OCT): 
FINAL DF (FCT): 


ALLOWED TIME DF: 
Bp s TIME DF: 


CHos MAJ REAS SUB REAS COST TADCOST TIME 

a1 UNFO FINISH INT 4,889 8.584 

§2 CREQ ELEC 2,85! 8.416 39 
Total: 6,848 1.908 42 


CONTRACT NO: 


$LD/DY: 970 
0574000 

O=80860 

eee lee 


200 
42 
342 


1.1402 


342 

2 
1.1402 
1.@@@ 


1.02 
2.a2 


CONTRACT CHANGES SUMMARY 


B2=0185 
TITLE/LOC: Ops Trnq Facility NAS Corpus Christi TX 
BLDG TYPE: MODS 


ADDITIONAL COST: 


6860 


LADCT 


ne Se See Sa = 


8.167 
8.833 


1.888 





UNIT NO: 39 
TITLE/LOC: 
BEDG TYPE: INST 


ORIGINAL COST: 
FINAL COST: 
COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 

LD DAYS: 
FINAL DF (OCT): 
FINAL DF (FCT): 


ALLOWED TIME DF: 
LD’S TIME DF: 


CONTRACT NO: 


$LD/DY: 150 
0703920 

0740704 

ae Oo xe 


2/0 
a7, 
SLT 
tet 
mney 
2 
ape 
1.@0@ 


2.00 


CONTRACT CHANGES SUMMARY 


CHEE = MAJ REAS SUB REAS COST LABCOST TIME 
7 DSGN UTIL GEN 15,246 0.414 3 
82 UNFO EARTHWORK 17,056 0.464 i" 
83 CREO INT ARCH 1,927 8.052 
a4 CRIT ELEC 1,56! 8.042 18 
a5 TIME MATL DEL i a. 280 33 
8b DSEN HVAC 984 8.027 é 
Total: 36, 784 8.999 57 


820194 
Fleet Trnq Facility NS Mayport FL 


ADDITIONAL COST: 


36/784 





UNIT NO: 4@ CONTRACT NO: 810983 
TITLE/LOC: Gen’1 Warehouse NAF Mayport FL 
BLDG TYPE: WHSE $LD/DY: 419 
ORIGINAL COST: 2791000 
FINAL COST: 27918447 
COST FACTOR: 1.034 
ORIGINAL CT: 450 
ADDITIONAL CT: 102 
FINAL CT: SS2 
CT DELAY FACTOR: 1.227 
FINAL. DURATION: S66 
LD DAYS: 14 
FINAL DF (OCT): 1.258 
FINAL DF (FCT): 1.025 
ALLOWED TIME DF: @.98 
LD°S TIME DF: @.02 ADDITIONAL COST: 
CONTRACT CHANGES SUMMARY 
t CHG? MAJ REAS SUB REAS COST ZTADCOST TIME 
18 al UNFO STRUCT 9,838 8.877 8 
82 DSEN STORM SEWER 3,142 8.825 7 
KS CRIT ELEC 7,888 0.855 i 
a4 CRIT DOORS 3, i @. 824 3 
85 CREQ LIGHTING EXT 64,543 0.584 2! 
84 DSN FINISH INT 93 0.807 a 
87 DSEN HVAC 1,824 8.888 0 
88 DSEN EARTHWORK 2,714 8.821 5 
89 CRIT EARTHWORK 25,998 8.284 14 
1@ UNFO ELEC 1,534 0.813 i 
ii UNFO ELEC 1,362 8.011 a 
12 UNFO HY ELEC 7,439 8.858 45 
13 DSEN FP SYS -3,588 -0.827 r 
14 UNFO UTIL GEN 2,188 @. 817 8 
Total: 127,447 8.999 182 


127447 


TADCT 
8.888 
0.869 
8.849 
8.829 
8.286 
8.88 
0.086 
0.049 
8.137 
4. 100 
6.868 
8.44! 
0.808 
0.008 


1.880 





UNIT NO: 
elie 7 LUC: 
EEDG TYFE: 


4i 
WHSE 


ORIGINAL COST: 
FINAL COST: 
COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 

LD DAYS: 
FINAL DF (OCT): 
FINAL DF (FCT): 


ALLOWED TIME DF: 
Pos TIME DF: 


CHG MAJ REAS SUB REAS COST LADCOST TINE 
#1 SEN DOORS 966 0.876 8 
82 UNF O ROOFING 993 8.878 3 
83 UNFO STORM SEWER 2, 268 0.178 é 
a SEN STRUCT - 3,786 8.297 5 
85 DSN STORM SEWER 2,443 8.191 2 
84 UNFO CONCRETE 278 8.821 1 
87 DSGN INT ARCH 1,992 8.125 2 
88 UNFO CONCRETE 458 §.835 43 
Total: 12,768 1,881 149 


2.82 


CONTRACT NO: 840446 


$LD/DY: 95 


0667203 
0679971 
1.019 


508 
145 
445 
1.483 


445 


2 


1.482 
1.@002 


1.@@ 
ADDITIONAL COST: 


CONTRACT CHANGES SUMMARY 


Avionics Shop Addition NARF Jacksonville FL 


12768 


LADCT 





UNIT NO: 42 CONTRACT NO: 810109 
TITLE/LOC: AC Maint. Facilities NAS Cecil Field FL 
BILDG TYPE: MODS SED 7 Dye" 139 


ORIGINAL COST: 1292500 
meal COST: 1961929 
COST FACTOR: 1.409 


ORIGINAL CT: 265 
ADDITIONAL CT: 4@5 
FINAL CT: 772 

CT DELAY FACTOR: 2.110 


FINAL DURATION: 770 
LD DAYS: @ 

FINAL DF (OCT): 2.110 

FINAL DF (FCT): 1.800 


ALLOWED TIME DF: 1.00 


eeo fIME DF: 2.00 ADDITIONAL COST: 5S 


CONTRACT CHANGES SUMMARY 


CHEE = MAJ-REAS SUB REAS COST LADCOST TIME 

a1 DSEN ELEC 18,509 8.818 j 
82 DSGN ROOF ING 6149 0.01! 8 
83 DSGN FP SYS 3,783 0.087 2 
a DSEN ROOFING 2,111 8. 004 dl 
a5 DSGN UTIL GEN 8, 887 8.014 s 
Q6 DSEN CARP 1, 787 2.883 i 
a7 DSEN INT ARCH 1,444 8.083 p 
a DSGN ELEC 779 0.00! 3 
a UNFO CONCRETE 1,544 4,003 2 
1@ DSGN INT ARCH 1,686 a.083 5 
1! DSEN FP SYS 17,187 8.038 ] 
12 ISGN FINISH INT 929 8.002 a 
13 DSGN LIGHTING 3,314 4.086 g 
14 DSGN INT ARCH 1,216 8.882 a 
15 DSGN INT ARCH 1,134 8.082 
16 CREQ INT ARCH 288, 482 8.587 180 
17 DSEN ELEC 17,388 8.831 7 
18 DSEN ELEC 3,306 4.084 a 
19 CRIT HVAC 198, 088 8,334 188 
20 CRIT ELEC 7, 684 @. 813 5 
21 CRIT DOORS 1,178 4.002 1 


Total: 569, 429 1.882 


= 
cn 


69429 


ZLADCT 





CONTRACT NO: 810440 
HRase CE Facility Shaw AFE Sumter SC 
OFFC $LD/DY: 535 


wed od 


UNIT NO: 43 
ie Tree/LGe: 
BEDG TYFE: 


ORIGINAL COST: 
FINAL COST: 
COST FACTOR: 


445.2000 
AA Ome oc 
7 

ORIGINAL CT: 


32D 


ADDITIONAL CT: 
FINAL CT: 
CT DELAY FACTOR: 


FINAL DURATION: 


FINAL DF (OCT): 
FINAL DF 


a7 1 
eal 
1.715 


891 


LD DAYS: @ 


(Pla): 


7 eS 
1.400 


ALLOWED TIME DF: 1.00 


ees TIME DF: 


MAJ REAS 


= ewe we 


ADDITIONAL COST: 


CONTRACT CHANGES SUMMARY 


SUB REAS COST LADCOST TIME LADCT 
UTIL U6 13,535 a.042 14 8.38 
FLOORING 19,008 2.058 i 8.028 
DOORS 4200 8.081 " 8.000 
UTIL GEN -8, 898 -9,025 g 0.000 
UTIL GEN 2,050 8.008 i 0.008 
UTIL Hi 7,580 8.823 12 2,032 
FINISH INT 3,490 8.011 9 8.824 
UTIL GEN 6, 988 8.021 29 @.078 
FINISH INT -698 ~#.102 b 8.008 
PAVING 19,778 8.86! 13 8.835 
HV ELEC 8,576 8.024 g 8.022 
EQUIP 3,543 a.01! i a. 838 
HVAC 1,880 8.808 3 8.008 
HY ELEC 1,008 8.983 2 8.085 
UTIL GEN 358 8.00! i 8.080 
INT ARCH 110, 008 8.338 19 0.05! 
ASBESTOS 125,008 8.384 25! 8.877 
FP SYS 1,646 8.005 0 8.080 
LANDSCAPE 6,148 0.019 0 8.008 
FINISH INT 3,233 B.818 Q 9.008 
Total: 325, 153 8.999 371 1.008 





UNIT NO: CONTRACT NO: 
TITLE/LOC: AC Maint Hanger NAS Dallas TX 
BLDG TYPE: HNGR tLD/DY: 

ORIGINAL COST: 2065466 
FINAL COST: 2350165 
COST FACTOR: 1.093 
_ ORIGINAL CT: 455 
ADDITIONAL CT: 274 
FINAL CT: 729 
CT DELAY FACTOR: 1.602 
FINAL DURATION: 624 
LD DAYS: @ 
FINAL DF (OCT): 1.29% 
FINAL DF (FCT): @.87@0 
ALLOWED TIME DF: 1.00 
LD*S TIME DF: 0.20 ADDITIONAL 
CONTRACT CHANGES SUMMARY 
CHEE MAJ REAS SUB REAS COST ZADCOST 
al UNFO FOUNDATION 9, 529 8.819 
82 DOSEN FOUNDATION 26,394 6.872 
a3 TIRE WEATHER 8 0.888 
84 UNFO FOUNDATION 26,731 8.894 
@ DSGN STRUCT 8, 271 8.829 
84 DSEN INT ARCH 159,131 0.999 
Q7 CREQ ELEC 8, 885 8.831 
88 DSEN INT ARCH 96,022 8.199 
89 UNF O FP SYS -388 -8. 882 
Total: 284,699 1,881 


800405 


20S 


COST: 


TIME 


234699 


ZADCT 





UNIT NO: 45 
fT Tle, Cec: 
BEDG TYFE: 


ORIGINAL COST: 
FINAL COST: 
COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 

LD DAYS: 
FINAL DF (OCT): 
FINAL DF (FCT): 


ALLOWED TIME DF: 
weeo TIME DF: 


CHES HAJ REAS 


01 CREQ 
82 UNF O 
BS DSEN 
B4 DSEN 
@5 DSEN 
@6 DS6N 
07 CREQ 
a8 CRE@ 
n9 ONFO 
16 UNF O 
11 UNFO 
12 CRIT 
13 DSGN 


Applied Inst. 
INST 


CONTRACT NO: 
Bldq NTC Orlando FL 
4135 


4894000 
Dew IOB4 
1.070 


ral a 
192 
71@ 
1.365 


6408 

Q 
22ol 

0.901 


1.00 
0.00 


CONTRACT CHANGES SUMMARY 


SUB REAS COST 
SCHEDULE REV 78,133 
DEMO 8.904 
CONCRETE 1,928 
DOORS 2,37! 
INT ARCH 10, 097 
UTIL GEN 45,857 
SCHEDULE REY 49, 208 
INT ARCH 49,990 
ELEC 24,688 
WEATHER DAMAGE 13,895 
HVAC 31,487 
STRUCT 3,592 
FINISH INT 23,238 


Total: 341, 684 


$LD/DY: 


ADDITIONAL COST: 


LADCOST 


820245 


TIME 


541684 
LADCT 
115 0.685 
b 8.688 
a 0. 808 
e 8.888 
b B. 808 
U 6.008 
f 0.880 
va 8.111 
0 8.080 
34 8.179 
20 0.185 
tl 8.088 
C 0. G88 
198 1.008 





UNIT NO: 46 
TITLE/LOC: 
BEeDG TrE: INST 


ORIGINAL COST: 
FINAL COST: 
COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 

LD DAYS: 
FINAL DF (OCT): 
FINAL DF (FCT): 


ALLOWED TIME DF: 
PeeoeniME DF: 


CONTRACT NO: 810246 


Ops Trnq Facility NS Mayport FL 


$LD/DY: S65 


we lIO22 
tae 17 
oO} 


249 
aly, 
a7 
1.476 


Za 7 

Z 
1.476 
1.800 


ADDITIONAL COST: 





MAJ REAS 


CONTRACT CHANGES SUMMARY 


SUB REAS 
UTIL SEN 
UTIL HW 
ELEC 
STRUCT 
FOUNDATION 
FOUNDATION 
INT ARCH 
FINISH INT 
ELEC 
UTIL GEN 
HVAC 
EARTHWORK 
UTIL UB 
LIGHTING EX7 
FP SYS 
ADD ARCH SCOPE 
ELEC 
INT ARCH 
FLEC 
DOORS 
INT ARCH 
EARTHWORK 
UTIL GEN 
INT ARCH 
ELEC HVAC 
HVAC 
STORM SEWER 
HVAC 
EARTHWORK 
HVAC 
DEL/IMP (@b) 
HVAC 
ELEC 
ELEC 
INT ARCH 
LANDSCAPE 
HVAC 
HVAC 
STRUCT ELEC 
INT ARCH 
ELEC 
DEL/IMP (86, 18,28) 


Total: 


28,768 
564,309 
1,971 
17,566 
1,15! 
118,042 
746 
113,800 
4,986 
1,217 
2,547 
962 
3,570 
~6, 225 
9,199 
51,685 
-42,477 
~42, 008 
387,820 


1,896, 595 


ZADCOST 


TIME 


_ 
— 


— 
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LADCT 





UNIT NO: 47 CONTRACT NO: 810800 
TITLE/LOC: Family Svc Ctr NAS Corpus Christi TX 
BLDG TYFE: OFFC SED/DY¥: 64 


ORIGINAL COST: 0410900 
FINAL COST: @405052 
GOST FACTOR: 0.9786 


ORIGINAL CT: 280 
ADDITIONAL CT: 275 
FINAL CTs SSS 
CT DELAY FACTOR: 1.982 


FINAL DURATION: 3 

LD DAYS: @ 
FINAL DF 1 
FINAL DF a 


(OCT): 
(FCT): 


ALLOWED TIME DF: 1.00 
Eps TIME DF: 2.00 


CHG 


a} 


04 
a5 


87 


HAJ REAS 
DSEN 
VALE 
DS6X 
DSEN 
DSEN 
TINE 
UNFO 


CONTRACT CHANGES SUMMARY 


SUB REAS 
EARTHWORK 
STRUCT 
UTIL GEN 
CARP 
CARP 
BVEL SITE 
HVAC 


Totals 


ADDITIONAL COST: 


COST 


LADCOST 
8.335 
B.319 
B.513 
8.389 
~B.118 
8.882 
8.439 


8.999 


TIME 


—-5848 


LADCT 





UNIT NO: 48 


CONTRACT NO: 810020 


TITLE/LOC: Maint Hanger Addition MCAS Beaufort SC 


BLDG TYPE: HNGR 


ORIGINAL COST: 
FINAL COST: 
COST FACTOR: 


ORIGINAL CT: 
ADDITIONAL CT: 
FINAL CT: 

CT DELAY FACTOR: 


FINAL DURATION: 

LD DAYS: 
FINAL DF (OCT): 
FINAL DF (FCT): 


ALLOWED TIME DF: 


$LD/DY: 305 


2457000 
297350457 
ee? = 


56 
=81 
641 
1.781 


641 

@ 
1.781 
1.920 


eos [IME DF: 0.00 


ADDITIONAL COST: 472457 


CONTRACT CHANGES SUMMARY 


CHES MAJ REAS SUB REAS COST ZADCOST TIME LADCT 

a CRE UTIL BEN 5,345 0.887 2 8. 837 
Q2 TIME BDEL SUBM p 8.800 18 8.836 
BS DSEN UTIL GAS a2 coe -8.885 1 8.884 
4 UNFO FP SYS 1,877 @. 882 2 8.887 
BS UNF O UTIL BEN 9,922 8.828 8 8.888 
@4 UNFO UTIL UG 9,241 8.828 197 8.781 
87 CLAR ACCELERATION 432,524 8.954 69 B. 246 


473,437 1.000 281 1.081 
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